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SHORT  COURSE  OP  LECTURES  OK  OROAKIC  PHOSPHORUS  COMPOUNDS 
/Jollo^ing  is  the  coiuplcite  tranfjlatiors  of  the  book  by  P,  Rodionov 
antitied  *^Kratkiy  Kurs  Laktsiy  po  Fosfororganioheskim  Yeehoheatva.m*' 
(English  version  above) y  ‘  Kiev,  1959?  pages  5“74s/ 

A  brief  course  of  lecturer  on  organic  phosphorus 
eompoUBdg  fleaignad  for  physicians  and  workers  in 
the  inedlcal  aorvic©  of  the  MF?0  /Anti aircraft 


*  It  containa  brief  information  on  the 
p^athogenegsis,  clinical  aspects  and  therapy  of 
intoxications  with  organic  phosphorus  compounds. 
In  the  lecture©  the  m&.in  data  are: also  presented 
.concerning  the  organi^Eatlon  of  medical  care  and 
antichemical  protection  from  injuries  with  these 


substance© 
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■  Foreword 

The  preeeiit  filiort  course  of  lectures  on  organic  phosphorus 
coiBpounds  has  been  written  by  a  grcrap  of  workers  of  the  Ukrainian 
Sanitation-Chemical  Institute  with  consideration  of  the  data  published 
in  the  literature  and  designed  chiefly  for  physicians  and  workers  in 
the  medical  service  of  the  MP¥0  /irtiaircraft  Defense?.  Because  of 
thia  no  infonmtion  is  given  concerning  the  chemistry  of  organic 
phosphorus  ccmpoirnds. 

The  significance  of  organic  phosphorus  compounds  at  the 
present  time  is  exceptionally  great,  end,  as  is  well  known,  is  not 
liKiited  simply  to  the  possibility  of  utilisation  of  some  of  them  as 
war  gases  (Sartori),  They  have  been  used  extereively  in  the  national 
economy  as  powerful  Inaecticldes  as  wall  as  in  the  capacity  of  drugs. 

The  foreign  literature  devoted  to  organic  phosphorus  com-- 
pounds  is  very  expensive  at  the  present  time;  this  applies  particularly 
to  articles  in  the  periodical  scientific  press.  At  the  same  time, 
there  are  no  monographs  in  which  the  current  status  of  the  problem  of 
the  pathology,  clinical  aspect a,  prophylaxis  and  therapy  of  injuries 
by  these  substances  are  given  completely  and  in  a  form  available  to 


2 


^  ,,, .  . -11  ■  1  •  . 1. I  ■  II  I  

the  physician. 

The  lectures  bel^ig  brought  to  the  attention  of  the  readers 
do  not  claim  to  be  a  monographic  presentation  of  the  entire' material 
comected  with  probl®ms  of  the  toxicology  and  the  eanitation-chemlcal 
protection  from  injuries  by  organic  phosphorus  ccmpourids.  Hero,  only 
the  most  iraportent  and  essential  materiel  from  what  has  been  published 
on  these  probleEia  is  presented  eo  as  to  give  physicians  end  workers  in 
the  MPYO  the  main  information  which  they  need. 

For  convenience,  the  aseterial  has  been  presented  in  the  form 
of  four  lectures  which  are  corinected  with  one  another .  Because  of  the 
brevity  of  these  lectures  it  has  not  been  possible  in  a  number  of  cases 
to  give  an  exhaustive  presentation  of  the  problesj  and  we  have,  had  to 
be  limited  to  references  to  various  authors.  Therefore,  the  authors 
have  considered  it  necessary  to  give  also  a  bibliography  which  they 
used  in  preparing  the  data  for  these  lectures. 

As  a  whole,  the  material  being  presented  can  serve  as  a  brief 
reference  for  familiarizing  physicians  and  workers  of  the  medical  ser-  | 
vice  with  the  principles  of  toxicology  and  sanitation-'Chemical  protec¬ 
tion  against  intoxications  with  organic  phosphorus  compounds. 

Professor  P.  V,  Rodionov 
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First  Lecture 
Iriti'O'iuction 

The  use  of  cheitsical  cmapounas  for  militery  purposes  is  nothlnl; 
new.  HoKever,  a  nuiaber  of  the  specific  characteri sties  irhereiftt  of 
war  gases  (0?),  gives  those  certain  advantages  co»parod  with  atomic  and' 
other  attack  weapone  (like,  for  example*  the  injury  only  to  enemy  per- 
8onn®l  with  complete  preservat.ion  of  the  materiel  belonging  to  him) 
and&ccouBts  for  the  considerable  military  potential  of  chemical  weapons* 


Therefore,  there  is  no  basis  for  excluding  the  possibility  of  an  attempt 


by  an  aggressor  to  uas  war  gases  as  laase  attack  weapons  against  th® 

;  population  in  case  ho  unleashes  -  ■  a  new  war.  Tnis  circumstsnee 

gives  rise  to  the  need  for  preparing  the  entire  medical  service  person¬ 
nel  of  the  KPVO  for  antichendcal  protection. 

Of  all  the  war  gases  known  at  the  present  time  the  class  of  | 
organic  phosphorus  war  gases  has  acquired  the  greatest  significance  now 
This  is  explained  by  the  fact  that  the  latter  have  e  number  of  charact- 
eriatic  properties  which  give  them  advantages  over  other  war  gases. 
rhuBf  they  are  dietinguiahed  by  their  high  degree  of  toxicity,  which 
exceeds  the  OV  previously  known.  The  preaence  of  negligibly  stcall 
nuantities  of  the  vapors  of  these  compounds  in  the  air  is  sufficie«:LiQ-. 


/ 
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produce  the  rapid  ©ccurrsiice  of  serioua  injuries,  sometlaea  with  a 
fatal  outcoBie.  They  poBseea  the  capacity  of  penetrating  into  the 
respiratory  tract,  skin  and  digestive  tract,  thereby  very  rapidly 
exerting  a  pronounced  general  toxic  effect  without  a  local  reaction. 
Characteristic  of  thea  is  a  difficulty  of  detection  as  well  as  a  com' 
plexity  of  the  organiKation  of  timely  medical  care  for  those  afflicted 
because  of  the  rapidity  of  the  general  toxic  effect  and  the  severe 
degree  of  injury.  However,  here,  not  only  detection  but  also  effective 
medical  care  are  entirely  possible*  Finally,  the  raw  material  for  the 
preparation  of  these  substances  is  coaparetively  readily  available, 
and  the  method  of  production  of  them  is  relatively  cheap.  All  this 
makes  the  organic  phosphorus  compounds  one  of  the  most  important  groups 
among  the  modern  var  gases  and  accounta^for  the  need  for  an  extensive 
familiarisation  of  medical  service  workers  of  the  MP¥0  with  this  group 
of  substances^  The  present  lectures?l^devoted  to  this*  The  material 
of  them  includes  the  principal  problems  of  toxicology  of  Injuries  by 
organic  phosphorus  compounded  the  main  problems  in  rendering  medical 
cere,  antichemical  protection,  detection  as  well  as  sanitary  processing 
tend  degassing*  The  lectures  are  designed  for  medical  service  workers 
pf  the  >1P¥0  at  large* 

Historic  Review  of  the  Occurrence  and  Development  of  Chemical  Weapons 
The  history  of  development  of  chemical  attack  weapons  shows 
hat  chemical  agents  were  used  even  in  the  past  with  the  aim  of  putting 
as  large  a  number  of  persons  out  of  commission  as  possible, 
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demorelization  of  military  imita  and  producing' difficulties  in 

defense  orgaiiization.  It  is  well  known,  for  example,  that  even  in 

(  the  Peloponneeian  Wsr  (451~4o4  B.O.)  the  Spartana  specially  burned  a 
'  resin  so  as  to  use  the  smoke  for  fighting  against  their  enem/.  Much  | 
later,  in  the  19th  Centurj’-  the  English  suggested  the  use  of  eicoke 
grenades  for  fighting  against  Russian  troops.  Therefora,  the  idea  of 
chemical  attack  weapons  is  very  old,  but  the  use  of  c’ceiaical  agents  as 
1  war  gases  has  become  possible  on  a  broad  seals  only  in  the  20tb  cent¬ 
ury,  when  the  productive  forces  of  society  have  reached  a  certain 
level  of  development . 

Four  periods  may  be  distinguished  in  th®  development  of 
’  military  toxicology.  The  first  period  includes  the  time  of  the  First 
World  War  (1914-1918), when  Gormany,  preparing  to  change  the  map  of 
the  world,  created  a  powerful  chemical  industry  and  treacherously  usedj 
^  non-pereistent  war  gases  at  first  on  the  Western  j 

(22  April  1915)  end  then  on  the  Eastern  Fronts  (5I  May  1915) •  The 
further  development  of  chemical  attack  weapons  advanced  the  problem 
of  looking  for  peraistent,  non-volatile  and  strongly  toxic  substances 
which  might  contaminate  the  luiman  environment,  food  products  end 
military  technical  equipment  for  a  long  time.  Mustard  gas,  which  was 
used  shortly  afterwards  by  the  German  army  (15  duly  1917),  answered 
ell  theae  requirementG,  which  put  it  in  one  of  the  leading  places 
among  the  most  dangerous  OV.  The  appeerance  of  mustard  gas  led  to  the 
rapid  perfection  of  methods  of  protection  of  respiratory  organs,  vislor 

L  - - - - 
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and  of  the  sWin. 

The  experience  cf  th©  First  World  Ww  clearly  deKonstrated 
the  advantage' of  Buetard  gas,  from  which  the  troops  of  the  Allies 
lost  eight  times  more  persons  in  a  comparatively  short  time  then  from 
ell  the  other  war  gases  together,; 

The  second  period  of  development  of  th©  toxicology  of  OV 
( 1918-1959 )  ia  characterised  by  intensive  preparation  of  the  capital¬ 
istic  governmentB  for  a  new  world  War,  mainly  directed  against  the  I 
Soviet  Union. 

During  this  period,  the  synthesis  of  subetanoea  with  a  cttte»" 
ecus  and  general  toxic  effect  was  developed  most  vigorously.  At  first, 
lewisite,  which  was  equal  to  ouatard  gas  in  its  strength  but  had  a 
much  smaller  latent  period  of  toxic  effect  end  produced  injury  to  the 
body  much  more  rapidly,  was  put  on  supply  as  a  weapon,  and  then, 
phosgenoxim®,  a  substance  with  a  strong  cutaneous,  asphyxiant,  Irrit¬ 
ative  and  general  effect  from  ebsorptionv  In  the  last  few  years 

of  this  period  trichlortrietl^lamine  was  put  on  the  military  supply  of 
f<5reigft  araij.es;  this  substance  was  capable  of  acting  on  the  living 
organism  in  a  menn|r  similar  to  sulfur-containing  mustard  gae  with 
the  difference  only  that  it  produces  a  more  severe  injury  to  th©  cen¬ 
tral  nervous  system. 

Th©  third  period  of  development  of  the  toxicology  of  the  OV 
includes  the  time  of  the  Secohd  World  War  (1959“19^5)»  which  time 
the  capitalistic  countries  ;aceumul8ted  "new*  war  gases  —  the  organic 
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phosphorus  compounds  (Sartori),  in  addition  to  the''old''war  gases, 
which  in  the  strength  of  their  effects  on  the  central  nervous  system 

■ 

bad  no  equals*  I 

SurrouTidcfd  on  all  sidos  by  6n6B.i6S,  Sovxsb  Uni  on  ^  during 

the  period  of  the  building  cf  Soeialieffif  yas  \^ery  ijrach  intereeted  in 
increasing  its  ov/n  niilitary  might  and,  therefore  made  a  ay  at  elastic 
study  of  problems  of  the  clinical  aspects  end  pathology  of  the  war 
gases,  perfected  methods  of  Individual  protection^  ^forked  out  the 
most  rapid  methods  of  detection  and  degassing  for  the  new  mx  gases, 
thereby  creating  a  clear-»cut  system  of  organi?»ation  of  medical  first 
aid,  evacuation  and  stage  therapy  of  the  afflicted  per eons. 

During  the  Second  World  War  the  German  army  wae  completely 
prepared  for  and  intended  to  use  chemical  weapons,  but  this  did  not 
occur  simply  because  of  the  power  of  the  Soviet  Union  and  the  victor-  I 
ious  offensive  of  Soviet  troops.  | 

i 

I  The  fourth  period  of  development  of  tbs  toxicology  of  the  OV 

(from  1945  through  the  present)  is  charecteriEcd  by  intenaive  research 
j  by  chemists  and  toxicologiste  in  the  United  States  end  England,  directed 
at  obtaining  new  repld-ecting,  highly  toxic  war  gases,  effecting  the 
central  nervous  system.  During  the  post-war  period  a  new  trend  also 
occurred  —  the  toxicology  of  radioactive  substances.  Its  importance 
is  entirely  obvious,  if  we  taka  into  consideration  the  fact  that  after 
the  explosion  of  atomic  and  hydrogen  bombs  ionizing  radiation  occurs 
(gamma-rays  and  neutrons)  in  addition  to  the  other  injurious  factors. 


fi 


I 
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In  addition',  in  the  military  equipment  of  foreign  armiea  there  are 
specially  prepared  chemical  agents  which  contain  radioactive  atoms 
(military  radioactive  substances  BR¥)  designed  for  affecting  troops 
and  the  peaceful  population  end  for  prolonged  contamination  of  the 
terrain,  buildings,  air  and  food  products. 

The  appearance  of  new  mass  attack  weapons  led  to  a  change  in 
the  tactics  of  all  the  MPVO  services,  but  it  has  not  in  any  degree  j 
decreased  the  significance  of  chemical  weapons.  At  the  same  time,  the 
possibility  of  production  of  the  latter  in  large  quantities  with  the 
presence  of  a  highly  developed,  powerful  air  force  and  other  attefck 
weapons  have  considerably  increased  the  prospects  of  using  war  gases 
in  modern  warfare.  Therefore,  the  interests  of  entichemical  defense 
I  require  the  persistent  study  of  new  war  gases,  a  systematic  acquaint¬ 
ance  with  the  methods  of  their  detection,  degassing  and  protection 
against  injury  from  them. 

Physicochemical  Properties  and  the  Toxicity  of  Organic  Phosphorus 


■  Among  the  new  OV,  possessing  a  high  degree  of  toxicity  and 
predominant  effects  on  the  central  nervous  system,  a  number  of  organic 
phoephorus  compounds  well  known  as  f luorophosphates  occupies  a  special 


place.  These  compounds  were  discovered  by  Lange  and  Kruger,  who  in 
1952  synthesized  a  series  of  organic  phosphorus  compounds  with  the 
hollowing  general  formula. 
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This  dees  of  compounds  is  constituted  by  the  diethera  of 
fluorophosphoric  ecH  substitutetf' amides  of  f  luoropViOsphoric  acid, 
and  other  compounds  similar  to  them.  Interest  in  these  eubstances 
has  been  brought  about  by  th«ir  high  degree  of  toxicity,  which  exoeedj 
hydrocyanic  acid.  For  example,  the  presence  of  negligibly  small  quan¬ 
tities  (1  £10,000)  in  the  air  of  the  vapors  of  these  compounds  is 
sufficient  to  cause  the  rapid  death  of  animals.  Lower  concentrations 
(1}100,000)  cause  a  prolonged  disturbance  of  vision,  associated  with 
miosis  and  loss  of  aocoiamodation.  Typical  representatives  of  this 
class  of  compounds  ere  the  ethyl  ether  of  diraethylemidocyanphosphoric 
acid,  well  known  by  the  name  of  tabun,  and  sarine,  the  acid  fluoride 
of  the  isopropyl  ether  of  methylphosphinic  acid.  Both  tabun  and  sarini 
represent  fluids  with  a  slight  odor,  readily  soluble  in  gasoline  and 
acetone j  poorly  soiublo,  in  water.  Tabun  has  a  specific  gravity  of 
1.097  and  a  boiling  point  of  105-104°  (at  10  arm  of  mercury);  sarine, 
a  specific  gravity  of  1.094  end  a  boiling  point  of  50®  (at  12  mm  of 
mercury). 

In  the  investigation  in  the  relationship  between  the  effect 
and  the  structure  of  organic  phosphorus  compounds  it  was  determined 
ithat  the  meximuiii  degree  of  toxicity  is  shown  by  compounds  containing 


substituted  by  other  groups  or  even  by  another  halide  the  toxicity 
decreases  eherply.  The  teisperature  of  the  surrounding .medium,  the 
age  of  the  person  affected,  the  condition  of  the  nervous  system,  the 
area  of  the  skin  on  which  the  substance  falls  all  have  an  influence 
on  the  course  of  intoxication  by  organic  phosphorus  OV.  If  there  are 
scratches  or  other  defects  in  the  skin  the  signs  of  intoxication 
ocetu’  very  quickly- 

All  the  representatives  of  this  groiip  of  compounds  possess 
a  pronoxmoed  general  toxic  effect;'' which  ie  mnifested  after  entrance 
through  the  skin,  Inhalation  of  the, vapors  or  other  methods  of  applic-’ 
atlon*  These  aubatancea  do  not  exert  any  local  irrits-tive  effects* 
Drops  of  the  OV*  are  absorbed  into  the  body  without  changing  the  skin. 
Along  with  cutaneous  application,  the  inhalation  method  of  using 
organic  phosphorus  compounds  ia  an  entirely  posetbl®  form  of  applic¬ 
ation  under  military  circiimstances,  because  their  physicochemical 
properties  make  it  possible  to  create  a  high  concentration  of  0¥  in 
the  air.  By  comparing  the  data  which  characterisse  the  toxicity  of  1 

certetn  organic  phosphorus  and  other  OV,  it  may  be  noted  that  the  < 

toxicity  of  the  former  on  inhalation  exceeds  the  toxicity  of  the 
other  OT  by  many  times.  The  toxicity  of  the  organic  phosphorus 
;  compounds  is  also  great  when  they  enter  the  stomach  along  with  the 

food  and  water, 

. 

Therefore,  the  high  degree  of  toxicity  of  organic  phosphorus  * 
,  compounds  after  their  effect  through  the  skin  and  particularly  through 
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the  Ehspiratory  tract,  the  difficulty  of  detection  of  them  and  the 
ease  of  production  of  then  have  advanced  the  organic  phosphorua  com- 
I  pomids  to  one  of  the  important  places  among  the  modern  0?  (Sartorl). 

The  Mechanism  of  the  Effect. of  Organic  Phosphorus  Compounds  and  of 
The  TransforiBation  of  Them  in  the  Body 
TVie  pathological  processes  which  cevelop  in  the  body  after 
I  the  entrance  of  the  toxin  are  produced  by  the  toxigenic  reactions 
occurring  between 'the  toxin 'and  the  blood,  and  between  the  toxins  and  | 
the  body's  tissues.  As  a  result  of  this  the  normal  structure  and 
properties  of  the  biological  substrate  which  interacted  with  the  toxin 
are-  impaired,  the  result  of  which  is  a  disorder  in  the  functions  of  f 
v&rioiis  organs  and  systems  of  the  body.  After  the  entrance  of  war 
gasee  into  the  body,  including  the  organic  phosphorus  compovtndo,  the 
blood  carries  them  to  the  tissues.  The  role  of  the  blood  thereby  does 
not  consist  only  in  the  mechanical  transfer  c-f  the  toxin  to  various 
tissues.  As  a  result  of  the  presence  of  organic  phosphorus  compounds 
in  the  blood  the  major  portion  of  them  ie  detoxified.  After  a  ten- 
Iffiinute  contact  with  blood,  the  acid  fluoride  of  the  isopropyl  ether  of 
scthylphosphinic  acid  (PFP)  is  detoxified  even  in  doses  which  exceed 
one  lethal  dose.  The  injection  of  such  blood  into  mice  does  not  pro¬ 
duce  any  intoxication  in  them.  In  experiments  in  which  the  blood  was 
replaced  by  Ringer-Locke  solution,  the  lethal  dose  of  the  toxin  was 
Considerably  decreased.  On  a  more  detailed  investigation  it  was  ehown 
that  not  only  whole  blood  but  also  its  constituents  possessed  the 
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capacity  ot  detoxifying  organic  phosphorus  compounds,  whereby  plasma 
i«  the  most  active. 

In  the  study  of  the  nature  of  this  detoxifying  effect  it  nas  : 
been  determined  that  in  the  body* 8  tissues  there  is  a  special  enzyme  j 
which  catalyzee  the  hydrolysis  of  diisopropylfluorephosphat©  (DFP), 
as  a  result  of  which  the  latter  loses  its  toxicity,  ^he  hydrolysis 
occurs  at  the  f luorophosphete  linkage,  as  a  result  of  which  hydro¬ 
fluoric  acid  is  split  off  (Mazur,  1946).  Mazur  described  a  number  of 
properties  of  this  enzyme,  partially  purified  it  and  gave  it  the  name 
of  phosphof luorase.  In  1955,  Aldridge  found  an  enzyme  In  the  blood 
serum  which  hydrolyzes  para-hitrophenyl  phosphate  (phospheool). 

Kevertheless,  despite  the  data  presented,  the  existence  of 
I  such  an  enzyme  in  the  tissues  cannot  be  considered  proved,  because  no 
compounds  are  known  in  the  organism  which  possess  a  f iuorophosphate 
linkage  and  which  can  serve  (in  the  body)  as  a  substrate  for  it. 

fhe  detoxifying  power  of  tissues  in  the  organism  varies. 

Thus,  inlhs  blood,  spleen,  suprarenal  glands  the  detoxification  of 
organic  phosphorus  compounds  occurs  in  a  very  active  mannerj  cerebral 
and  muscular  tissue  detoxify  the  organic  phosphorus  compounds  to  a 
very  slight  degree.  It  is  possible  that  this  is  the  cause  of  the 
fact  that  nervous  tissue  is  the  central  place  for  the  effect  of  these 
toxins,  despite  the  fact  that  from  the  study  of  their  distribution 

in  various  tiasuea  it  has  been  shown  that  they  accumulate  in  the  brain 

J  - 

in  relatively  small  quantities.  Despite  the  detoxification,  part  of 
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the  organic  phosphorus  compotuids  manages  to  pass  from  the  blood  into 

the  tissues, /vfhereby  the  entrance  into  \^arious  organs  occurs  with 

different  rates  ^  elao*  It  eho'uld  be  kept  in  mind  that  tsven 

with  the  destruction  of  the  .orgardc  phosphorus  corDpounds  by  blood 

and  tissues  the  former  do  not  completely  lose  their  toxic  properties, 

and  the  decomposition  products  formed  thereby  possess  varying  degrees 

of  toxicity. 

I  Under  conditions  of  the  biochemical  experiment  it  has  not 

been  possible  to  detect  any  rosctions  between  the  organic  phosphorus 
compouBda  and  carbohydrates  or  lipids  containing  reactive  carbox¬ 

yl  groups.  However,  after  treating  proteins  with  organic  phosphorus 
compounds  which  include  fluorine,  the  latter  can  be  detected  in  the 
protein  bodies,  but  it  has  been  difficult  to  determine  the  chemistry  | 
of  this  reaction.  Thus,  it  has  not  bean  possible  to  show  any  reac¬ 
tion  of  the  organic  phosphorus  compounds  with  the  most  active  protein 
groups  —  the  amine  and  suifhydryl  groups*  The  inactivation  of  cer¬ 
tain  enzymes,  which,  as  ia  well  known,  are  protein  substances  in  their ^ 
nature,  serves  as  proof  of  the  toxic  effect  of  organic  phosphorus 
compounds  on  proteins* 

Considerable  attention  has  been  given  also  to  the  study  of 
the  effect  of  organic  phosphorus  compounds  on  various  types  of  metab¬ 
olism.  Here,  distinct  disturbances  have  boen  detected  in  the  carbo¬ 
hydrate  and  cholesterol  meteboliema*  For  the  purpose  of  elucid&ting 
I  the  mechanism  of  action  of  organic  phosphorus  compounds  on  the  body 
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a  study  was  made  of  their  effects  on  various  enzyme*  ay stems,  which 
turned  out  to  be  very  different.  Among  the  enzymes  which  are  relat¬ 
ively  insensitive  to  the  effect  of  organic  phosphorus  compounds  are 
peroxidase  and  cytochrome  oxidase  (Webb,  19'^8).  According  to  Webb's 
data,  the  alkylfluorophosphatee  do  not  influence  the  activity  of 
carboxylaae  or  carbonic  anhydraee. 

Along  with  enzymes  which  are  insensitive  to  organic  phosphor¬ 
us  compounds  sensitive  enz^e  systems  have  been  found  the  activity  of 
which  falls  sharply  after  the  effect  of  negligible  quantities  of  these 
toxins.  Thus,  the  activity  of  trypsin  and  ohymotrypsin  decreases 
distinctly  under  the  influence  of  DFP  (Jansen  and  others,  19^9) • 

Other  phosphorus-* containing  toxins  also  suppress  the  catalytic  proper-* 
ties  of  these  enzyne&p  but  their  inhibitory  effects  develop  more  slowlir 
(Hartay,  Bang,  Killy  and  others,  195^)* 

The  most  sensitive  ensymos  are  cholinesterase  of  all  the 
tissues  and  lipase,  with  the  exception  of  pancreatic  lipase o  The 
sensitivity  of  the  blood  servm  lipase  to  organic  phosphorus  compounds  j 
was  shown  by  Bloch  in  19*^5*  Webb  and  Bouranell  in  19^9  published  data 
concerning  the  power  of  considerably  to  inhibit  the  liver  esterase 
and  shortly  after  confirmed  this  by  experiments  with  the  purified 
ensyme*  The  effect  of  a  marked  suppression  of  the  activity  of 
cholinesterase  in  the  blood  and  in  the  tissues  after  intoxication  by 
organic  phosphorus  compounds  was  determined  by  many  investigators 
(Needham  and  Dixon,.  19^^);  Mackworth  and  Webb  (19^);  Kelly  and 


Gilman,  Harvey,  du  Bois,  Dlull,  Seberno  end  Cook,  (19^+9)  •  According 
■to  the  data  of  the  majority  of  authors  this  cholinesterase  inactiv- 
ation  le  irrevercible  (Brauer  and  others,  194?;  Aldridge,  195'^), 
Kevertheloss,  certain  data  of  other  studies  speak  for  the  fact  that 


during  the  iriitial  phases  the  inhibited  cholinesterase  activity  can 
be  restored  (Nachiaansohn,  Rothenberg,  Feld,  19^ i')*  "i'he  high  degree 


of  of  cholin^st.$riS£i^!!i  i-o  phosphorus  conipoixDdSj 

which  ie  maintetned  for  a  long  time,  made  it  possible  to  advance  the 
hypothesis  of  the  acciHEulation  of  acetylcholine  in  the  Intoxicated  | 
.organism,  which  was  confirmed  by  the  similarity  of  the  pharmacological 
effect  of  the  latter  and  of  organic  phoephorue  compounds.  Koveever,  , 

such  a  method  of  dealing  with  the  mechanism  of  action  of  organic  | 

i  phosphorus  toxins  gave  rise  to  lively  polemics.  The  proponents  of 
tVie  anticholinesterase  mechaniEra  attempted  to  link  the  development  of 
the  sigiis  of  intoxication  caused  by  these  substances  with  inhibition 
of  cholinesterase  activity.  Actually,  it  was  possible  to  show  that 

1 

I  in  animals  intoxicated  with  organic  phosphorus  compomids  tne  cholin- 
i  esterase  activity  was  considerably  reduced  in  all  organs,  particularly 
in  the  central  nerttoua  system,  by  comparison  w5.th  the  controls. 

A  parallelism  has  been  noted  by  certain  investigators  between 

the  toxic  effect  of  some  organic  phosphorus  compounds,  the  miotic  ! 

. 

j  effect,  end  the  degree  of  inhibition  of  cholinesterase  activity 
(Macirrforth  and  Webb,  195S).  Finally,  it  has  been  possible  to  show  a 
certain  relaUonship  between  the  degree  of  depression  of  cholinesterase 
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and  the  severity  of  the  injury  (Freedman  and  Himwltb,  1948) •  Kumeroij 
data  have  indicated  the  fact  that  death  of  the  animals  intoxicated 
with  organic  phosphorus  compounds  frequently  occurs  with  a  complete 
depression  of  the  cholinesterase  activity  in  the  brain  (Euler  end 
Swanberg,  1950j  Hawkirs  and  Mendel,  1947},  Mazur  and  Bodansky,  1946} 
Hachmanaohn  and  Paid,  I9*i7).  These  facts  are  in  good,  agreement  with  ® 
the  data  concerning  the  effect  of  organic  phosphorus  compounds  on 
various  organs,  where  in  the  majority  of  cases  the  phenomena  ,  of 
itspairiEent  of  function  can  be  asebciated  with  the  delayed  decompos”’ 
ition  of  acetylcholine  end  its  accmuletion  in  the  tissues.  Thus, 
for  example,  In  intoxicated  animals  a  slowing  of  the  cardiac  rate  is 
observed  with  an  increase  in  the  tone  and  motor  function  of  the 
gastrointestinal  tract,  apasm  of  the  bronchi,  causing  difficulty  in 
respiration,  salivation  and  lacrioation.  The  sensitivity  of  all 
these  systems  to  acetylcholine  is  markedly  increased  thereby. 

During  the  course  of  the  further  study  of  the  effect  of 
organic  phosphorus  compounds  on  the  body,  however,  other  facts  were 
accumulated.  Thua,  specifically,  the  data  concerning  the  obligatory 
parallelism  between  the  degree  of  suppression  of  the  activity  of 
cholinesterase  ar.d  the  toxic  effect  of  organic  phosphorus  compovmds 
have  not  been  confirmed  (Jones,  Meyer,  Kurei,  1946}  Kahlson,  Uvnas, 
1958). 

Here,  it  was  shown  that  the  increase  in  sensitivity  to 
ecetylcholine  does  not  necessarily  depend  on  the  anticholinesterase 
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effect  (MecNamare,  1954),  because  aometimes  a  less  toxfo  substance, 

for  example,  DFP,  causes  a  more  marked  deprosElort  cf  cholinesterase 
than  a  more  toxic  substance,  for  example,  tetr a ethyl pyrophosphate. 

•  ,  '  '  '  .  I 

Recently,  it  has  been  determined  that  DF?  causes  the  death  of  axolotls 
in  the  phase  of  developmen?^‘®^®the  body  still  does  not  contain  any 
cbolinesteraee  (Rar^niar^  195^) •  In  1949,  G.  D.  Smirnov  and  G.  M 
I  Turpsyev  ehovred  that  depression  of  cholinesterase  in  atrepinised 

animals  is  not  associated  vith  death  of  the  animals. 

■  - 

Therefore,  on  a  par  viith  the  convincing  data  speaking  on 
behalf  of  the  anticholinesterase  mechanism  of  action  of  organlc 
1  phosphoruE  compounds,  there  ere  proofs  of  the  fact  that  the  entire  ' 

complicated  mechanism  of  action  of  these  toxins  on  the  body  io  not 
limited  simply  to  an  effect  or.  this  e-nsyme.  Therefore,  the  anti¬ 
cholinesterase  effect  of  organic  phosphorus  coaipiounds  may  be  regarded, 
only  to  a  certain  degree,  as  the  cause  of  the  toxic  process  which 
develops  in  the  intoxicated  organism.  Fundamentally,  this  applies  to 
those  toxic  effects  which  are  associated  with  a  disturbance  in  the 
I  parasympathetic  innervation  of  such  organs  es  the  heart,  bronchi, 
gastrointestinal  tract.  It  ia  impossible  to  explain  completely  the 
effects  of  organic  phosphorus  compounds  on  the  central  nervous  system 
simply  by  this  effect;  the  disturbance  in  the  function  of  the 
central  nervous  eystem  is  the  chief  link  in  the  pathology  of  intoxic¬ 
ations  by  these  substances. 

Therefore,  further  investigations  ere  needed  for  the 


clarification  of  the  biochemical  ffiechanisin  of  action  of  organic 
phoephorvts  compounds. 


I 
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'  Second  Lecture 

Pathogenesis  of  Intoxications  by  Organic  Phospherue  Compounds 

The  pathogenesis  of  injuries  produced  by  organic  phosphorus 
compounds  is  complicated.-  Some  aspects  of  it  are  still  unclear. 

The  moat  characteristic  disturbances  in  these  intoxications  occur  in 
the  central  nervous  system,  respiratory  organs  and  circulatory  organs | 

Central  Nervous  System 

The  cerebral  cortex  is  very  sensitive  to  the  effect  of 
organic  phosphorus  compounds  end  reacts  to  them  even  in  those  cases 
where  the  signs  of  injury  of  other  organs  and  systems  have  not 
yet  manifested  themselves.  Thus,  under  the  influence  of  even  small 
doses  which  do  not  notably  affect  the  blood  pressure  level  or  nature 
of  respiration,  the  excitation  processes  of  the  cerebral  cortex  are 
increased,  which  is  evidenced  by  changes  in  the  chronexie  of  the 
cortical  area,  the  electrical  activity  of  the  brain  end  the  conditioneji- 
reflex  activity  of  the  body.  In  severe  intoxications  there  is  also 
first  noted  an  Increase  in  the  excitability  which  is  manifested  in  the| 
form  of  motor  excitation,  which  occurs  either  in  response  to  external 
influences  or  spontaneously;  there  is  a  feeling  of 
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increase  in  excitability  is,  after  a  certain  time  (ufeually  quite 
quickly),  replaced  by  a  depression  in  the  cortical  functions s 
adynamia,  general  listlessneas,  clouding  of  ecnsciouanasa.  and  then  a 
complete ■ loss  of  conscioueneas  develop* 

Therefore,  a  bi phasic  course  ie  observed  in  the 

central  nervous  system.' after  injury  with  organic  phosphorus  compounds* 
It  woxild  be  an  error,  however,  to  believe  that  the  central 
nerroxw  system  reaction  to  the  effect  of  organic  phosphorus  compounds 
is  limited  ©imply  to  disturbances  in  the  cerebral  cortical  functions. 
Experimental  investigations  performed  on  daoerebrate  animal s . msici  it 
possible  to  state  that  in  intoxication  by  these  aubstances  other 
portions  of  the  central  nerVous  system  are  also  involved «  In  such 
animals,  following  the  administration  of  the  toxin,  characteristic 
signs  of  intoxication  occur  in  the  form  of  disturbances  in  the  circul-^ 
ation  and  respiration  as  well  as  convulsions  which  atop  only  after  th^ 
destraetion  of  the  spinal  cord.  Distiirbances  of  respiration,  changes 
in  the  blood  pressure  level  as  well  as  a  disorder  in  the  functions  of 
the  vagus  nerve  center  are  the  result  of  injury  to  the  medulla. 

Therefore,  all  parts  of  the  central  nervous  system  are  involv¬ 
ed  in  the  pathological  process  from  intoxication  by  organic  phosphorus, 
epmpounda,  but  this  is  not  manifested  simultaneously  and  is  expressed  | 
to  different  degrees  at  various  stages.  The  signs  of  cortical  excit** 
ation  occur  rapidly  and  are  maintained  for  quite  a  long  time*  Only 
brief  and  insignificant  signs  of  excitation  are  characteristic  of  the 
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medulla  (at  least  for  some  of  its  canters),  and  these  are  rapidly 
transformed  to  a  depression.  The  cerebral  cortical  function  is  { 

I  impaired  from  the  effect  of  very  small  quantities  of  the  toxin# 

The  various  centers  of  the  medulla  are  quite  seriBitive  also#  Tr.e 
spinal  cord,  on  the  other  hand,  le  more  resistant;  a  disturbance  in 
its  functions  usually  occurs  later  and  from  the  effect  of  large 
I  (loses  of  the  toxin.  Since  in  different  organisms  the  degree  end 
natvire  of  disturbance  in  the  functions  of  various  portions  of  the 
central  nervous  aystem  are  different,  the  sequence  of 

involvement  of  them  in  the  pathological  process  is  also 
different.  As  a  result  of  this,  in  intoxication  by  organic  phosphorus 
compounds  there  may  be  a  great  number  of  variants  in  the  clinical 
manifestations. 

The  data  presented  pensdt  us  to  draw  the  following  conclus¬ 
ions: 

1)  All  parts  of  the  central  nervous  system  are  involved  in 
the  pathological  process  after  injury  of  the  body  by  organic  phosphoro¬ 
us  compounds. 

2)  The  cw^^ntral  nervous  system  reacts  first  to  organic  j 

phosphorus  compounds  by  excitation,  which  then  passes  into  depression, 

5)  After  injury  to  the  body  by  organic  phosphorus  compounds 
the  rate  of  involvement  of  various  parts  of  the  central  nervous  sys¬ 
tem  and  the  intensity  of  disturbance  in  its  functions  vary.  The 
cerebral  cortex  is  most  sensitive. 
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The  mechanism  of  occurrence  of  functional  disorders  of  the  | 
central  nervous  system  after  injury  by  organic  phosphorus  compounds 
has  not  been  conclusively  studied.  The  fact  is  indubitable  that 
changes  in^  the  central  nervous  system  functions  depend  both,  on  dir-* 
ect  contact  with  the  toxin  and  on  the  occurrence  of  pathological 
impulses  which  come  from  th®  periphery  to  the  central  nervous  system, 

particularly,  fro  a  dtturbances  in  its  normal  interrelationships  with 

•  •<'  «*,  '• 

the  external  and  internal  milieux  of  the  body® 

Therefore,  in  the  study  of  the  pathogenesis  of  intoxications 
by  organic  phosphorus  compounds  bxi  important  place  is  occupied  by 
disorder  of  the  central  nervous  system  functions^  which  is  evidenced 
by  the  occurrence  of  convulsive  attacks «  It  has  been  shown  by  exper¬ 
iments  with  dacerebration  that  convulsions  which  occur  from  the  injury 
depend  to  a  considerable  degree  on  the  effect  of  the  toxin  on  th© 
spinal  cord,  proof  of  which  is  the  prompt  cessation  of  them  after 
destruction  of  th®  spinal  cord* 

Therefore,  In  these  injuries  the  convulsions  have  a  central  | 

i 

rather  than  peripheral  origin,  and  the  occurrence  of  them  is  assoc¬ 
iated  with  the  effect  of  the  toxin  on  the  number  of  parts  of  the 
central  nervous  the  motor  area  of  the  cerebral  cortex 

to  the  spinal  cord.  Along  with  changes  in  the  cerebral  cortical 
functions  the  intoxication  produces  considerable  disturbances  in  the 
functions  of  other  central  nervous  system  sections  also.  Thus,  , 
disorders  of  respiration  are  easociated  with  the  effect  of  the  toxin 
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on  the  respiratory  center,  and  'the  disorders  of  circulation  are 
associated  with  a  disturbance  of  the  vasomotor  center.  At  the  same 
time,  disturbance B  in  the  te  vasomotor  center  may  depend  on  the 
pathological  changes  in  the  respiratory  center. 

All  this  speaks  for  the  tremendous  part  of  the  central 
nervous  system  in  pathology  of  Intoxication  by.. organic  phosphorus 
compounds.  This  central  nervous  system  reaction  is  associated,  on 
the  one  hand,  with  a  direct  effect  of  the  toxin  on  the  brain  tissue; 
on  the  other  hand,  with  a  disturbance  of  the  r  ordinary  interactions 

of  the  central  nervous  system  with  the  external  and  internal  milieux. | 

.... 

These  are  the^ causes  of  occurrence  of  a  number  of  functional  changes 
in  the  central  nervous  system  which  are  expressed  as  various  signs 
of  intoxication.  The  nature  of  these  changes  is  accounted  for,  in 
'  large  measure,  by  the  protective  of  the  cerebral  cortex. 

Vegetative  Nervous  'System 

Intoxication  by  organic  phosphorus  compounds  produces  a 
number  of  disorders  in  the  activity  of  smooth-muscle  organs  and  glands 
(eyes,  bronchi,  intestine,  salivary  glands,  etc.),  which  gives  us  the 
grounds  for  speaking  of  disturbances  in  the  functions  of  the  vegetativ  > 
nervous  system  (parasympathetic  and  sympathetic),  particularly  the 
parasympathetic. 

Among  theee  disorders  are  the  followings  constriction  of 
the  pupil  (miosis),  spasm  of  accommodation,  macropsia,  which  is  manif¬ 
ested  as  a  distortion  of  subjective  perception  of  the  eyelashes  and 
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other  objects.  The  signs  of  intoxication  ®*ntioned  are  brought  about 
by  injury  to’  the  oculoiaotor  nerve,  which  is  part  of  the  paresympath- 
etic  system.  The  bronchospasm  and  signs  of  bradycardia,  which  are 
observed  during  the  intoxication,  also  speak  for  involvement  of  the 
parasympathetic  nervous  system  in  the  pathological  process.  The 
increase  in  the  secretion  of  the  salivary  and  bronchial  glands  as 
well  as  spaaiB  of  the  intestine  speak  for  the  seme  thing.  The  close 
connection  in  the  development  of  the  signs  mentioned  above  with 
Injuries  to  the  parasympathetic  nervous  system  is  confirmed  by  exper¬ 
iments  with  atropine.  The  use  of  this  alkaloid,  which  paralyses  the 
trensEdssion  of  impulses  from  the  post-ganglionic  parasympathetic 
fibers  to  ceils  of  efferent  organa,  eliminates  the  signs  of  disturb- 
ance  the  functions  of  the  smooth-muscle  organs,  heart  and  glands. 

It  has  been  determined  also  that  atropine  in  isolated  organs  prevents 
the  development  or  eliminates  already  existing  functional  disturbances 
This  injury  to  the  parasympathetic  nervous  system  is  associated  with 
the  effect  of  the  toxin  both  on  the  central  and  the  peripheral  nervous 
systems. 

In  the  clar^fieation  of  the  mechanism  of  the  toxic  effect  of 
organic  phosphorus  compounds  on  the  body  it  is  necessary  to  take  into 
consideration  the  effect  of  the  toxin  on  the  sympathetic  nervous  sys¬ 
tem.  Functional  changes  -of  the  ve/.etative  nervous  system  have  to  be 
tied  in  with  disturbances  occurring  in  the  central  nervous  system. 

The  data  presented  show  that  intoxication  with  organic  phosphorus 
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compounds  occurs  with  signs  of  disturbances  in  the  functions  of  both 

portions  of  the  vegetative  nervous  system,  but  with  predominant 
involvement  of  the  paresympsthctic  portion. 

The  mechanism  of  functional  disturbances  in  the  vegetative 
nervous  system  from  intoxication  with  organic  phosphorus  compounds  it, 
associated  with  a  disturbnace  in  the  chemical  transmission  of  nerve 
impulses,  that  is,  basically  with  deep-seated  changes  in  the  acetyl*^ 
choline  metabolism.  Primarily,  this  is  manifested  iri  a  disorder  of 
function  of  the  parasympHhetic  nervous  system,  which  is^^fn^imately 
connected  with  acetylcholine  as  a  xhadietor.  Tha  mechanism  of  injury  | 
to  the  sympathetic  nervous  syetem,  the  function  of  which,  ae  is  well 
known,  is  regulated  by  two  mediators  --  acetylcholine  and  sympathin  - 
is  somewhat  more  complicated*  However,  even  here  the  disorders 

may  also  depend  on  disturbances  in  the  acetylcholine  metabolism. 

Therefore,  the  data  presented  indicate  the  great  complexity 
of  the  mechanism  of  disturbances  in  the  functions  of  the  vegetative 
nervous  system  from  intoxication  by  organic  phosphorus  compounds* 
Disturbances  in  the  Motor  Nerves 
In  the  case  of  injuries  by  organic  phosphorus  compounds 
characteristic  changes  in  the  functions  of  the  transversely-striated 
musculature  occur  which  are  expressed  convulsive  contractions  of 
muecles  (clonic  or  tonic),  fibrillary  twitchings  of  muscle  fibers, 
weakness  or  paresis*  The  occurrence  of  convuleions  is  connected  with 
a  disorder  in  the  central  nervous  system  functions,  because  after  a 
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distwbance  the  integrity  of  the  spinal  cord  the  c'onvulaive  con- 
tractions  promptly  stop*  The  occurrence  of  fibrillary  tvdtchings  in 
the  muacia®  depends  on  an  increase  in  the  excitability  of  the  ner'\re- i 
muscle  m  synapse*  Hereby^  'the  impulses  proceeding  from,  the  central 
nervous  system,  without  interfering  without  the  functions,  lead  to 
.  an  Increase  in  the  reactions  of  the  striated  musculature* 

Respiratory  ^  Disturbances  1 

V 

After  intoxication  by  organic  phosphorus  compounds  consider-j 

able  disorders  occur  in  the  respiration,  the  degree  of  expression  of 
and 

which  varies  depends  on  a  nujKber  of  circum.g!tances  including  on  the 
route  of  entry. of  the  toxin  into  the  body*  After  inhalation  intoxic¬ 
ation  respiratory  dlsturbahoe©  are  expressed  to  a  greater  degree  ths.n  ; 
after  percutaneous,  application  or  administration  of  the  toxin  through! 
the  digestive  tract.  However,  this  applies  only  to  mild  and  moderate 
injuries*  In  the  case  of  a  severe  degree  of  intoxication  a  marked 
depression  of  respiration  occurs  regardless  of  the  route  of  entry  of 
the  toxin.  Respiratory  disorders,  by  interfering  with  the  conditions 


of  arterialijRation  of  the  blood,  lead  to  disorders  in  its  gas  content, 
as  a  result  of  which  a  considerable  hypoxemia  occurs,  which  In  its  tur 


cannot  help  but  affect  the 


activity  of  the 


orga.nis5m  and  primarily  the  functions  of  the  central  nervous  system, 


In  the  study  of  the  mechanism  of  these  disorders  it  has  been  determine! 
that  the  min  cause  of  their  occurrence 'are  spasms  in  the  bronchial 


musculature  and  a  disturbance  in  the  functions  of  the  respiratory 
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center  rftthter  than  convulsions.  Clinical  observations  have  shown  thai 

changes  in  the  respiratory  center  functions  occur  biphEsicallyj  at 

I 

first,  brief  excitation  is  noted  which  is  then  replaced  by  a  pro^onjfr 
ed  depression-  With  mild  intoxication,  an  increase  in  the  respirstory 
rate  is  obeerved  in  the  initial  stage  which  is  then  replaced  by  a 
slowing  end  a  decrease  in  the  amplitude  of  the  respiratory  movements. 
Subsequently,  the  respiration  becomes  normal  and  of  the  usual  type. 

With  a  severe  degree  of  injury,  aa  a  result  of  disturbance  in  the 
functions  of  the  respiratory  center,  the  respiration  first  increases 
in  frequency  and  becomes  deeper  but  it  soon  after  becomes  superficial 
and  irregular  with  pauses  and,  finally,  stops  completely.  The  respir¬ 
atory  center  is  very  sensitive  to  the  effect  of  organic  phoaphorus 
compounds , 

Therefore,  respiratory  disturbances  during  intoxications 
represent  a  moet  important  pathological  process  which  occurs  as  the 
result  of  the  effect  of  the  toxin  on  the  central  end  neaveHS  periphera]| 
nervous  systems.  In  a  practical  connection,  it-ie  the  reversibility  of 
the  disturbances  in  the  respiratory  center  functions  a^l  very  important 
Even  In  cases  of  serious  intoxications,  with  the  prolonged  use  of 
artificial  respiration  (two  to  three  hours),  it  is  not  uncommonly 
poecibl©  %o  restrOr©  indep^ndeiit-  recpimt^ion. 

j  pifsulatory  Disorders  j 

In  the  pathology  of  intoxications  by  organic  phosphorus 
compounds  considerable  importance  is  ascribed  to  a  disturbance  in  the 


circulation,  along  with  the  respiratory  disorder  (the  fluctuations  in 
the  level  of  the  arterial  and  venous  pressures,  change  in  the  strength 
and  frequency  of  thei  cardiac  ocntraetions) .  In  csees  of  severe  intox¬ 
ications  particularly  considerable  changes  in  the  blood  pressure  ere 
noted,  In  the  initial  stage,  ite  level  increased  to  varying  degrees? 
an  increase  in  the  amplitude  of  the  pulse  pressure  is  characteristic; 
here,  the, diastolic  pressure  increases  slightly,  whereas  the  syatolic 
increases  considerably.  The  nature  of  the  subsequent  changes  depends 
on  the  severity  of  intoxication.-'  -In  the  mild  forms  of  -intoxication 
the  blood  pressure  usually  levels  off  gradually?  in  the  more  severe 
forms,  it  decreases  progressively  and  falls  to  aero. 

The  causes  of  the  blood  pressure  changes  in  intoxications  by 
organic  phosphorus  compounds  has  not  been  clarified  conclusively. 
Possibly,  specifically  the  different  conditione  of  blood  vessels  of 
different  areas  during  the  intoxication  are  one  of  the  determining 
causes  of  the  difference  in  the  venous  pressure  levels.  Here,  a  major 
part  is  played  by  changes  in  the  vascular  tone,  which  is  associated 
with  injury  to  the  vasomotor  center  of  the  medulla. 

Impulses  coming  from  the  periphery  to  the  central  nervous 
system  have  less  of  an  Influence  on  changes  in  the  blood  pressure  level 
In  this  respect,  date  concerning  the  respiratory  center  are  entirely 
Lpplieable  to  th©  vasomotor  center.  It  should  be  kept  in  mind  that 
Ithe  functional  condition  of  the  vasomotor  center  in  intoxication  by 
Lrganic  phosphorus  compounds  depends  a  great  deal  on  the  ton© 
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of  the  respiratory  center,  the  degree  of  asphyxia,  disorders  in 
the  blood  circulation  and  cardiac  activity. 

In  the  initial  phase  of  intoxication  a  slowing  of  the  cardisC| 
rate  is  observed.  In  the  mild  forms  of  intoxication  the  strength  of 
cardiac  contractions  usually  is  unchanged,  but  the  so-called  “vagus'* 
•pulse  with  a  high  pulse  pressure  amplitude  appears.  | 

A  slowing  of  the  rhythm  of  cardiac  activity  is  ; 

associated  with  a  slowing  'in  the  circulation,  proof  of  which  is 
constituted  by  experiments  with  atropine,  which,  by  eliminating  the 
slowing  in  the  cardiac  activity,  leads  to  the  restoration  of  the 
normal  circulation  time. 

Disturbance  in  the  cardiac  functions  is  associated  with  the 
direct  effect  of  the  toxin  on  the  heart.  Here,  impulses  coming  from 
[  the  central  nervous  system  also  exert  an  influence.  The  organic 
phosphorus  compounds  influence  not  only  the  myocardium  but  also  the 
vegetative  nervous  system,  in  connection  with  which  the  cardiac  rhythm 
is  changed  and  conduction  is  impaired.  These'  substances  also  cause  a 
constriction  of  the  coronary  blood  vessels,  whereby  the  cardiac  muscle 
circulation  is  impaired  and  therefore  also  the  conditions  for  cardiac 
activity.  Spasm  of  the  bronchial  musculature,  which  occurs  during 
injury  by  the  organic  phosphorus  compounds,  can  also  lead  to  a  constric 
tion  of  the  blood  vessels  In  the  lesser  circulation  with  a  subsequent 
increase  in  the  pressure  in  the  veins  and  difficulty  in  cardiac  func¬ 
tion.  The  possibility  has  not  been  ruled  out  that  overfilling  of  the 


50 


venous  system  leads  to  the  occurrence  of  corresponding  nerve  Impulses 
which  f  have ‘a  harmful  influence  not  only  on  the  work  of  the  heart 
but  also  on  the  function  of  the  central  nervous  system, 

I  The  data  presented  show  that  after  intoxications  with  organic 

I  phosphorus  compounds  the  circulatory  disorders  and  the  disorders  in 

I  '  i 

cardiac  activity  have  a  very  complicated  pathogenesis.  At  the  same 
time*  along  with  the  respiratory  disorders,  they  erej^most  markedly 
expressed  disturbances  in  the  functions  of  the  body  from  inj'^ries  by 
these  substancea.  In*^*^  cases,,  in  juries  to  the  circulatory  and 
j  respiratory  systems  are  so  considerable  that  they  determine  the  sever- 
I  ity  and  outcome  of  the  intoxication. 

The  Clinical  Aspects  of  Injury  by  Organic  Phosphorus  Compound  j 
The  clinical  picture  of  intoxication  by  organic  phosphorus 
compounds  4  depends  not  only  on  the  quantity  of  them  and  the  individua . 
reaction  of  the  body,  but,  in  large  measure,  are  brought  about  also 
by  the  routes  of  entrance  of^^®toxln  into  the  body.  The  main  data  on 
the  study  of  the  clinical  picture  of  the  intoxication  by  these  substan* 
ces  have  been  obtained  under  experimental  conditions  on  animals  of 
various  species.  In  the  foreign  literature  considerable  clinical 
material  has  been  published  devoted  to  the  course  of  intoxications 
wi.th  various  representatives  of  the  organic  phosphorus  compounds 
i (diisopropylfluorophosphate,  tetraethylpyrophosphate,  parathion  and 
others).  The  similarity  of  the  toxicological  dynaaice  of  the  various 
organic  phosphorus  compounds  makes  it  possible  to  use  these  data  in 
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th®  description  of  the  clinical  picture  of  the  intoxications. 

Inhalation  Forms  of  Intoxications 
■The  clinical  signs  in  inhalation  forms  of  intoxication 
by  organic  phosphorus  compounds  depend  on  the  time’  1  ^  that  on®  is  ■- 
in  the  Intoxicated-jatmosphere,  the  concentration  of  the  poison  in  the 
inhfeled  air,  as  well  as  on  the  frequency  and  depth  of  respiration 
during  one *8  stay  in  the  contaminated  atmosphere.  Three  periods  can 
be  mte(]  in  the  clinical  picture:  a  period  of  restlcBanesSj,  a  convul¬ 
sive  period  and  e  paralytic  period*  According  to  the  data  of  Grob, 

Krop  end  Loomis,  the  first  signs  of  intoxication  with  organic 

phosphorus  compounds  are  visual  disorders:  a  constriction  of  the  pupil 
congestion  of  the  conjimctivee,  lacrimation,  foggy  vision,  pains  in 
the  area  of  the  ©yes*  Soon  after,  restlessness  appears,  headache, 
di^Kinass,  apathy,  and  musculature  weakness*  A  special  place  in  the 
aymptora-complex  of  intoxication  is  occupied  by  respiratory  disorders* 
Cough  appears  with  copious  aputum,  labored  respiration  (particularly 
in  the  expiratory  phase)*  Respiration  becomes  superficial  and  rapid* 
Afterwards,  a  picture  develops  of  broncho spasm  (Krop,  Kunkel,  HeymanE, 
Pochet,  Houtte)*  The  spasm  of  the  bronchial  musculature  is  associated 
with  a  marked  inci^ease  in  the  secretion  of  bronchial  glands,  which 
ledds  to  a  profuse  accumulation  of  fluid  throughout  the  respiratory 
tract,  by  the  same  token  aggravating  the  serious  picture  of  labored 
respiration  as  a  result  of  bronohos^asm*  As  a  result  of  this,  asphyxia 
j develops*  Vomiting  movemente  not  uncommonly  accompany  the  respiratory 


dieorders,  and  soDsetirnds  there  is  vomiting  and  a  profuse  excretion 
of  a  viscid  selivs.  Ten  to  15  minutes  after  the  intoxication  a 
storiEy  convulsive  attack,  of  tonic  and  clonic  nature  usually  occursj  i 
which  lasts  approximately  three  to  five  minutes  and  is  associated  witli 
involuntary  defecation  and  urination*  TheSj  the  first  convulsive  a 
attack  subsides.  There  is  no  reaction. to  pain  stiiaulation;  the  cor¬ 
neal  reflexes  are  intact.  The  convulsive  attacks  are  repeated  at 
I  various  intervals,  measured  in  minutes,  but  become  v  shorter  and  are 
not  Bo  vigorous  ae  at  first.  In  the  intervals  between  the  convulsive 
attacks  there  is  complete  prostration,  the  respiration  Is  markedly 
I  weakened  and  superficial.  Marked  salivation  lasts  throughout. 

I  Gradually,  the  convulsive  attacks  become  less  frequent,  and  a  comatose 
candition  is  observed*  Death  occurs  from  stoppage  of  respirations 
and  after  one  or  two  minutes  the  cardiac  contractions  also  stop* 
Individual  variations  are  noted  in  the  duration  of  the  entire  cycle 
of  intoxication  which  , lasts  from  several  minutes  to  two  to  three 
hours*  Only  a  small  part  of  those  intoxicated  die  at  the  end  of  the 
first  day*  In  seme  cases  the  course  of  intoxication  is  characterisad 
by  an  almost  complete  absence  of  convulsions*  Death  occurs  during  the 
5  first  few  minutes  after  the  intoxication  with  signs  of  asphyxia  as  a 
result  of  respiratory  disorders* 

Among  the  important  patholcgical  signs  of  injury  by  organic 
phosphorus  compounds  mention  should  be  made  of  circulatory  disorders, 
which  are  particularly  closely  associated  with  changes  in  the  ^  .  :  ' 
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respiratory  functions.  One  of  the  early  signs  of  disturbance  in  the 
circulation  is  a  change  in  the  cardiac  activity  which  is  confirmed  by 
a  deformation  of  the  electrocardiogram.  Most  characteristic  here  is 
a  lengthening  of  the  P-R  interval  and  of  the  QRS  as  well  as  a  complet< 
blec-k  with  disappearance  of  the  P  wave  (;Krop  and  Kunkel). 

The  reduction  In  the  work  of  the  heart  is  expressed  also  in 
a  reduction  in  the  arteriovenous  difference,  which  is  observed,  accor«^ 
ing  to  Holmstedt's  data,  before  the  occurrence  of  changes  in  the  blood 
pressure.  At  the  beginning  of  the  intoxication  there  is  aometimes 
noted  an  increase  in  the  blood  pressure  (Krop  end  Kunkel,  Grob,  Garlic i 
and  Rarwey);  sometimes,  it  is  decreased.  The  venous  pressure  is  usually 
decreased.  The  pulse  is  soft,  easily  compressible,  end  increased  in  j 


rate. 


In  some  cases  the  body  temperature  is  increased  to  58-41*^0; 


in  others,  the  temperature  changes  are  not  found  (Grob,  Gerlich, 
Merrill,  and  Freimuth).- 

The  changes  in  the  blood,  according  to  the  data  of  Grob, 
Garlich  and  Harvey,  amount  to  a  slight  increase  in  the  leucocyte  count 
In  the  differential  leucocyte  count  a  moderate  increase  is  noted 
in  the  polymorphonuclear  cells.  The  content  of  red  blood  cells, 
[hemoglobin  and  the  sedimentation  rate  do  not  undergo  any  essential 


changes 


If  the  patients  live  through  the  acute  period  of  intoxication 


he  convulsions  subside, and  consciousness  ia  restored.  Despite  the 
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apparent  Improvament,  death  can  occur  even  in  the  lat^  periods  the 

blood  pressure  siiddenly  falls,  the  pulse  becosaes  thready;  the 
respiration  beooiaes  rapid  and  superficial,  and  a  x-ronounced  cyanosis  | 

.  appears*  Death  occurs  witbJ increasing  signs  of  vascular  insufficiency , 

In  soma  cases  the  signs  of  vascular  collapse  become  the  predojuinant 
,a4gs%  symptom  from  the  very  beginning  of  the  intoxication,  and  the 
i  respiratory  disturbances  and  convulsions  are  not  very  prominent*  I 

i  ■  ■  ■  ’ 

f  ,  ■  ■ 

As  an  illustration,  of  what  has  been  stated  e.-case  is  being 
presented  below  of  intoxication  with  one  of  the  group  of  alkyl 
phosphates,  described  by  Grob, 

A  man  55  working  with  alkyl  phosphates  in 

his  work  clothes  (a  carbon  filter  respirator,  protective  goggles,  | 

rubber  gloves,  high  rubber  boots,  a  rubber  apron  and  a  protective  | 

'  mantle,  which  did  not  completely  cover  his  and  his  back)* 

Suddenly 'he  felt  nausea,  and  calls  to  defecation*  These  ph©nom.ena. 
continued  for  50  minutes,  and  than  a  profuse  perspiration,  diMinass, 
headache,  a  blackening  before  the  ayes,  restlessness,  mv\8culature 
twitchings  of  the  tongue  and  eye  lids,  and  general  musculature  weak-  | 
ness  were  superimposed*  He  was  put  in  the  hospital  two  hours  after 
the  occurrence  of  the  initial  symptoms* 

The  examination  data  showed  the  following?  he  was  well 
developed  and  he  walked  spontaneously*  He  was  excited,  restless,  ^ 

had  twitcbings;  however,  he  was  well  oriented*  A  profuse  perspiration 
I was  observed  with  marked  salivation.  The  speech  was  slightly  difficult; 
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there  was  repetition  of  the  last  word  and  syllable*  The  pupils  were  j 
constricted  (punctate);  it  was  impossible  to  examine  the  optic  fundus. 
The  respiration  was  16  per  minute;  there  were  no  ch8.ng;e8  in  the  lungs 
The  heart  was  normal  on  percussion  and  auscultation.  The  pulae  was 
92  a  minute.  The  blood  pressure  was  I52/126  millimeters  of  mercury, 
(the  blood  pressure  before  the  intoxication  was  IOO/7O).  There  was 
a  fibrillation  of  the  muscles  of  the  tongue  end  lids  and  irregular 
jerky  movements  of  the  eyeballs.  Soon,  the  muscle  fibrillations 


became  generalized,  and  a  very  severe 


muscular  weakness 


developed.  The  tendon  reflexes  were  normal;  there  were  no  patholog¬ 
ical  reflexes. 

Forty  minutes  after  hospitalization  the  patient  gradually 

began  to  go  into  a  comatose  state.  The  tendon  and  the  pain  reflexes 

disappeared.  Attacks  of  convulsions  developed.  In  the  intervals 

between  the  convulsive  attacks  there  was  Cheyne-Stokes  respiration 

(which  was  stopped  by  inhalation  of  a  mixture  of  five  percent  CO^ 

and  95  percent  Og).  There  was  no  definite  picture  of  bronchospasm. 

The  lungs  were  normal.  The  blood  pressure  was  186/100.  There  wasvmo 

noticeable  hypoxemia.  There  were  frequent  calls  to  defecation  and 

urination;  the  stool  was  watery.  The  vomitus  was  liquid  with  an  odor 

administration  ^ 

One  pupil  dilated  slowly  after  the  repeated  of  atropine 

(one  percent  solution,  one  drop  every  I5  minutes).  After  a  half  hour 
the  pupils  again  constricted. 

The  treatment  was  atropine  sulfate,  0.6  milligram 
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intramuscularly  om  hour  led  to  a  reduction  in  perepiration, 

salivation  and  brorichial  secretion.  The  drip  fedmi-niatration  of  phy¬ 
siological  solution  and  glucose  was  given.  In  the  first  attack  of  : 

f  !' .  convulsions  curare  ali-minated  the  fibril lationa., 

and  made  the  convulsive  attacks  milder  but  did  not  prevent  the’ occur¬ 
rence  of  the  next  attack. 

I  For  four  hours  the  patient  was  in  a  comatose  state?  the  reflexes! 

I  were  absent.  After  seven  hours  the  pain  end  tendon  reflexes  began  j 
to  be  restored.  The  pupils  dilated  somewhat,  end  a  slight  reaction 
I  to  light  appeared.  The  blood  pressure  gradually  decreased  to  I50/8O. 
After  one  hoxur,  conseiouaness  returaedi  the  patient  noticed  that  his 
vision  was  clouded  and  he  saw  objects  as  though  in  e  fog.  For  the  ; 

next  two  hours  the  patient's  condition  improved;  he  ansvjered  ques- 

i  ■  . 

*;  tions  Dior®  rapidly  and  spok®  better.  However,  in  the  tenth  hour 
:  after  the  occurrence  of  the  first  symptoms  of  intoxication  respiratior 
became  superficial,  frequent,  and  labored?  the  pulse  could  not  be  fell: . 
After  ten  hours  and  I5  minutes,  the  patient  died.  | 

Wilhelmi  and  Uomenjoz  also  have  described  casea  of  intoxic-  j 
ation  with  alkyl  phoaphate,  whereby  in  the  beginning  the  following 
were  noted j  perspiration,  lacrimation,  salivation,  nausea,  vomiting, 
diarrhea,  intestinal  colic,  dyspnea,  bronchospasm,  marked  miosis, 

j 

a  disorder  of  accomjB-odatdonf  a  reduction  in  the  body  temperature^' 
i  thoHa  ediexua  of  th©  lungs  developed  and  there  were  muscle  fibrillations' 
and  cpnvuleions.  In  the  serious  cases,  ataxia^  tremor,  dissxiness, 

,  iKWi^Wiit  11I1  1  ;jii,rrrrf-rrTri-r--r--T-rm— 
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vertical  njrstagmua,  sleepiness,  weakness,  confusion,  retarded  speech, 
a  , 

and  cojaatose  state  were  noted.  Sometimes,  in  the  beginning  an 
increased  blood  pressure  was  noted  with  a  marked  leucocytosis.  In 
the  late  stages  of  intoxication  the  following  were  observed:  cyanosii^ 


decrease  in  blood  pressure. 


dyspnea  and  a  disturbance 


in  cardiac  activity.  Death  from  severe  intoxication  occurred  in  14 
hours.  In  those  cases  where  the  patients  recovered  the  sighs  of 
intoxication  disappeared  after  12-24  hours. 

A  nuBiber  of  authors  (Grob,  Garlich  and  Harwey)  distinguish 
muscarinic  and  nicotinic  effects  among  the  various  signs  of  intoxic¬ 
ation  with  organic  phosphorus  compounds  as  well  as  symptoms  connected 
with  the  effect  of  these  toxins  on  the  central  nervous  system. 

Muscarinic  Symptoms.  .The  first : symptoms  of  this  group  are 
anorexia  and  nausea,  which  increased  after  smoking  and  frequently 
were  accompanied  by  vomiting,  spasmodic  pains  in  the  abdomen  and  j 

i 

salivation. 

With  the  increase  in  the  signs  of  intoxication  diarrhea, 
tenesmus,  involuntary  urination  and  defecation  are  possible.  Among 
the  symptoms  of  this  group  mention  should  be  made  of  constriction  of 
the  pupils ,  increase  in  blood  pressure  as  well  as  disturbances  ob8erve( 
in  the  process  of  respiration  (excessive  bronchial  secretion,  broncho- 


spasm,  and  pulmonary  edema). 
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Nicotinic  Sysaptotns.  In  this  group  of  toxic  phenomena 
mention  should  be  made  of  twitching  of  the  eye  muscles  and  tongue, 

>diich  occurs  iimediately  after  the  nausea  and  vomiting  and  which  arei 
early  signs  of  intoxication.  In  the  severe  cases  twttchings  of  the 

1  muscles  of  the  face  and  neck  are  observed  wliich  change  into  convuls” 

■  : 

ive  attacks.  Sometimes,  there  are  no  convulsions,  and  signs  of  | 

increasing  weakness  and  atony  are  observed.  ! 

I  Central  Nervous  System  Symptoms.  The  earliest  symptoms  are 

the  following:  dizziness,  restlessness,  a  feeling  of  anxiety.  Tltese 
symptoms  occur  shortly  after  the  anorexia  and  nausea,..  Subsequently, 
headache  and  insomnia  are  observed.  In  the  more  severe  cases  of 

h  I 

intoxication  the  following  develop:  ataxia,  tremor,  disorientation 

1 

for  the  surroundings,  changes  in  speech  (difficulties  in  formation  of 
words,  repetition  of  the  last  syllables).  These  symptoms  frequently 
precede  the  comatose  condition  with  complete  loss  of  all  reflexes. 
During  coma  Cheyne-Stokes  respiration,  convulsions  and  a  marked  con-  | 

i 

striction  of  the  pupils  are  noted. 

Therefore,  in  intoxication  with  organic  phosphorus  compounds 
signs  of  involvement  of  the  central  nervous  system  are  prominent, 
which  is  expressed  in  the  development  of  convulsive  and  then  paralytic 
phenomena-  This  also  makes  it  possible  to  categorize  tabun,  sarine 
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and  other  organic  phosphorus  compounds  among  the  group'*  of  nerve  toxlnr 
(Grob,  Krop  and  Loomis,  Kondritzer,  Elam,  Clements  and  others).  Here; 
(as  has  been  mentioned  by  Jaques,  Bein  and  Meier)  in  intoxications 
with  organic  phosphorus  compounds  involvement  occurs  not  only  of  the 
central  nervous  system  (brain  and  spinal  cord)  but  also  of  its  ptripb 
eral  portion.  Excitation  of  the  central  and  peripheral  portions  of 
the  somatic  and  vegetative,  nervous  systems  vd^tch  are  observed  are 

replaced  by  paralysis  of  them. 

It  should  be  noted  that  in  the  inhalation  form  of  intoxic¬ 
ation  toxic  pheiiomena  (restlessness,  feeling  of  anxiety,  feeling  of 
compression  in  the  chest,  disturbances  of  vision)  can  occur  at  the 
time  of  inhalation  of  the  toxin.  Despite  the  considerable  similarity 
if  the  nature  of  the  intoxication  and  its  dynamics,  the  clinical 
course  of  intoxication  with  organic  phosphorus  compounds  is  induced 
i  to  a  certain  degree  by  the  method  of  application  of  the  toxin  (percut- 
aneousiy,  orally,  etc.). 

Intoxications  Associated  With  Contact' of  the  Toxinjjith  the..Sy,n 

When  organic  phosphorus  compounds  come  into  contact  with  the 
[  skin  signs  of  irritation  of  the  skin  are  absent  (Krop  and  Loomis , 
Daicbman,  Puglise,  Cossida);  the  toxin  is  usually  absorbed  into  the 
body  and  produces  intoxication.  With  the  skin- absorptive  effect  of 
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these  compounds  the  first  signs  of  intoxicatlorj  are  found  after 
several  minutes  in  the  majority  of  cases,  althou^  they  may  developed 
even  after  one  or  two  hours*  The  first  signs  of  intoxication,  regard¬ 
less  of  the  time  of  their,  occurrence ,  are,  according  to  the  data  of 
duBols  and  coworlcers,  Deichman,  Puglise  and  Cossida  and  others, 
restlessness,  uncoordinated  movements,  lacritnation,  a  lessening  of 
muscle  tone,  involuntary  urination  and  defecation.  Afterwards, 
fibrillary  twitchlngs  of  various  muscle  groups  are  observed.  In  the 
more  seyere  cases  of  intoxication  convulsive  twitchlngs  of  the  mus¬ 
cles  of  the  trunk  are  superimposed  on  these  signs,  which  terminate  in 
clonic  or  tonic  convulsions*  It  should  be  noted  that  in  this  form 
of  intoxication  (absorption  of  organic  phosphorus  compounds  from  the 
surface  of  the  skin)  changes  in  the  eyes  (constriction  of  the  pupils 
and  others)  may  be  absent  (Deiclimaii  and  others).  As  a  result  of 
absorption  throu^i  the  skin  of  large  quantities  of  the  toxin  a  serious 
intoxication  develops  the  sign  of  which  is  restlessness.  After¬ 

wards,  the  following  are  noted;  dyspnea  and  increased  salivation^ 
the  respiration  becotnes  gradually  slower  and  Irregular;  the  pulse 
increases  in  frequency  and  sometimes  an  arrhythmia.  After  several 
minutes  fibrillary  twitchlngs  appear  in  the  muscles  of  the  trurik; 
later,  convulsive  contractions  of  the  tnxiscles  of  the  extremities. 
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Soon  after,  a  tremor  and  clonic  and  tonic  convulsions  appear  which 
usually  change  into  convulsive  contractions  of  the  entire  body. 

During  the  attack  of  convulsions  the  cornsal  reflexes  disappear, 
involuntairy  urination  and  defecation  are  observed.  The  duration  of 
the  course  of  intoxication  varies:  from  30  minutes  to  several  hours. 
Death  occurs  with  signs  of  marked  depression  of  the  central  nervous 
system  functions,  absence  of  reflexe.s,  a  slow  Irregular  respiration 
and  disturbance  in  circulation.  It  should  be  noted  also  that  the 
skin-absorptive  intoxications  occur,  as  a  rule,  without  the  develop¬ 
ment  of  miosis,  with  less  pronounced  respiratory  disorders  and  longer 
latent  periods  than  in  the  inhalation  form  of  intoxication. 

Oral  Forms  of  Intoxications 

The  good  solubility  of  organic  phosphorus  compounds  in  waterj 
and  organic  solvents  and  their  adequate  stability  make  possible 
their  contamination  of  water  bodies,  storehouses,  etc.  Tlxerefore, 
they  may  constitxite  a  threat  of  entrance  into  the  body  in  water  and 
food.  It  has  been  determined  by  experimental  investigations  that 
organic  phosphoirus  compounds  are  less  toxic  after  entering  the  stom- 
I  ach  than  after  some  other  forms  of  application  (inhalation,  contact 
with  the  skin).  At  the  same  time,  the  toxicity  of  many  of  them  is, 
nevertheless,  considerable. 
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The  clinical  aspects  of  oral  intoxications  are  heterogen-  : 

eons.  In  the  mild  forms,  the  signs  viiich  are  most  striking  are  in 

the  gastrointestinal  tract,  whereas  in  the  severe  forms,  disturbances 

in  the  function  of  the  central  nervous  system  predominate. 

In  the  mild  forms  of  intoxications,  usually  after  the 

entrance  of  the  toxin  into  the  stomach  in  the  water  or  in  the  food, 

a  latent  period  is  observed  the  duration  of  which  is  very  variable 

(from  five  to  30  minutes);  this  apparently  depends  on  the  degree  of  i 

fillihg  of  the  stomach,  the  type  of  food  products  with  which  the  toxiti. 

I  enters  and  the  rate  of  absorption  of  the  toxin  by  the  gastric  mucosa. 

At  the  end  of  the  latent  period  the  following  occur:  deepened  respir- 

S  ation,  salivation  and  vomiting  movements*  The  vomitus  consists  of 

water  and  food  which  are  in  the  stomach;  subsequently,  the  quantity  of 

it  decreases;  in  the  vomitus  there  is  mucus  with  an  admixture  of  bile 

and  sometimes  blood.  After  20-30  minutes  a  profuse  diarthea  is 

superimposed,  which  lasts  for  hours.  Usually,  on' the  next  day  vomltinj 

and  diarrhea  are  not  found.  The  general  condition  is  characterized 

i  .  ■  . 

by  a  depression  and  listlessness,  which  gradually  decrease  and  dis¬ 
appear  after  two  to  three  days. 

Intoxication  of  moderate  severity  is  characterized  by  the 
I  same  symptoms  but  more  intense.  The  vomiting  is  of  a  more  stubborn  1 
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^  and  prolonged  nature;  the  continues  for  several  days.  The 

general  condition  remains  depressed  for  two  to  four  days;  there  is 
no  appetite  or  it  is  markedly  decreased.  Recovery  occurs  slowly. 

In  some  cases  the  general  condition  begins  to  deteriorate  progress- 

the  !  jL.^  u 

ively,  and  a  marked  depression  of  central  nervous  system  occurs  whxcti 

;  j 

leads  to  death.  In  other  cases,  beginning  with  the  third- fourth  day 
the  general  condition  improves,  the  appetite  returns,  and  the  stools 
becofce  normal;  on  the  seventh-lZth  day  the  patient  recovers . 

The  symptoms  of  the  severe  intoxications  in  the  initial 
period  are  characterized  by  vomiting,  diarrhea  and  increased  reactiv¬ 
ity.  Simultaneously,  there  is  an  increase  in  salivation  and  dyspnea 
,  appears.  After  10-20  minutes  fibrillary  twitebings  appear  in  various 
muscle  groups,  which  change  into  a  general  tremor.  Shortly  after¬ 
wards,  the  following  are  found:  adynamia,  a  disturbance  in  the  coord¬ 
ination  of  movement  and  muscle  weakness.  Afterwards,  an  attack  of 
clonic  convulsions  develops  which  changes  into  tonic  convulsions. 
Thereby  the  corneal  reflexes  are  extinguished,  the  pupils  dilate, 
the  respiration  is  impaired,  and  marked  cyanosis  is  noted.  Death 
occurs  against  the  background  of  a  progressive  weakening  of  fe&plr- 
;  ation  and  cardiac  activity. 
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I  Thi  rd  Lecture,  •  • 

Clinical  Foms 

According  to  the  severity  of  the  course  the  following . clin¬ 
ical  forms  of  Intoxications  with  organic  phosphorus  compounds  are 
distinguished:  xnlld,  severe  and  chronic.  The  mild  forms  of  intoxic¬ 
ation  occur  a  certain  time  (from  several  minutes  to  one  to  two  hours) 
after  contact  of  the  patient  with  the  toxin*  The  first  signs  of 
involvement  are  in  the  eyes  --  miosis,  and  spasm  of  accommodation*  \ 
Less  often,  lacritnation  is  noted.  Seeing  objects  in  tbe  dark  becomes  | 
quite  difficult*  The  pupils  are  constricted  down  to  the  size  of  a  | 

‘  i 

ptnixead  end  react  slightly  to  light  (in  individual  cases  this  reaction 
is  completely  absent)*  Tlie  conjunctiva  becomes  congested  and  sometimes 
edematous*  Along  with  the  feeling  of  discomfort  and  slight  pain  in 
the  eyeSj  painful  sensations  occur  In  the  temples  and  in  the  area  of 
the  frontal  sinuses*  In  the  persons  affected  there  are  sensations  of 
dyspnea,  and  the  respiration  becomes  labored;  an  increased  salivation, 
Lausea  and  vomiting  are  noted*  The  respiration  becomes  s trained there 
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are  rSles,  and  some tinies  aphonia  occiirs.  The  pulse  is  slowed,  and  in 

some  cases  it  is  labile.  This  condition  lasts  for  several  hours. 

,  The  pathological  signs  gradually  lessen,  vJhereby  the  first  to  subside 

The  I 

is  the  sensation  of  choking.  '  further  course  of  the  intoxication  is 

of  a  wave-form  nature:  an  alternation  of  remissions  and  considerable 

4  deteriorations  in  the  general  condition.  Recovery  occurs  after  one 

or  two  days;  thereby  the  signs  of  miosis  are  observed  up  to  two  or 

three  days. 

In  the  more  severe  cases  the  initial  signs  of  intoxication 
are  similar  to  the  signs  in  the  mild  form.  Subsequently,  the  signs  of 
intoxication  increase.  The  miosis  reaches  its  maximum  degree  (the 
’pupils  are  constricted  down  to  the  size  of  a  pinhead  and  do  not  react 
to  light);  there  is  a  marked  spasm  of  accommodation;  the  vision  is 
limited  simply  to  light,  perception.  Respiration  becomes  markedly 
labored,  superficial,  of  increased  frequency,  and  cyanosis  appears 
v/.7lth  increased  salivation;  in  individual  cases  there  is  persistent 
vomiting.  The  pulse  slows  (50-60  beats  a  minute).  Brief  attacks  of 
jtonic  convulsions  are  observed.  In  the  urine,  blood  and  spinal  fluid 
there  are  no  pathological  changes.  Subjectively,  the  intoxication, 
occurs  in  a  torturesome  manner:  there  is  a  general  excitation,  e  a 
feeling  of  anxiety,  severe  headache,  melancholy  and  general  weakness. 
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I  The  course  of  these  forms  of  intoxication  is'^more  prolonged.  The 
intensity  of  the  symptoms  lessens  after  24  hours;  however,  miosis  and 

I  bronchospasm  remain  for  several  days.  It  should  be  noted  that  these 

I" 

forms  of  intoxication  occur  without  any  deep'*seated  disturbances  in 
the  functions  of  the  respiratory  center  and  without  any  considerable  I 
disorders  of  the  circulation.  The  persons  afflicted  sboijild  be  treated  | 
under  conditions  of  complete  rest,  because  physical  exertion  causes 
:  a  marked  deterioration  in  their  general  condition.  Complete  i-ecovery 
■  occurs  after  five  to  ten  days. 

The  clinical  course  of  the  severe  forms  of  intoxications  is 
varied.  In  severe  cases,  considerable  central  nervous  system  disorders 
i  are  most  characteristic  along  with  disturbances  in  the  functions  of 
various  orgaxus  and  systems.  Here,  a  latent  period  may  be  observj^ed 
I  the  duration  of  which  usually  does  not  exceed  20-30  minutes*  In 

intoxication  with  large  doses  a  latent  period  may  be  absent*  Tl\e 
occurrence  and  degree  of  development  of  the  signs  of  intoxication  de¬ 
pend  a  great  deal  on  tJie  route  of  entry  of  the  toxin*  The  inhalation 
iof  air  containing  vapors  of  organic  phosphorus  compounds  produces  \ 

marked  choking  and  a  coiislderable  constriction  of  the  pupils.  After 
absorption  throu^  the  skin  the  chokihg  is  less  pronounced  and  there 

Etiay  be  no  miosis* 

1 
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in  the  severe  forms  of  intoxication  the  intensity  of  the 

latent 

symptoins  which  appear  after  the^  period  (miosis ,  bronchospasm 

and  others)  increases  progressively.  Excitation  and  a  feeling  of 

■  ■  1 

anxiety  and  general  weal-;ne36  are  superimposed  on  them.  Consciousness 

is  gradtjslly  clouded.  Convulsive  twitchings  of  various  muscle  groups 
I  appear  and  then  twitchings  of  the  entire  body.  The  convulsions  have 
the  nature  of  paroxysms.  In  the  intervals  between  the  paroxysm? 

the  unconscious  state  may  be  replaced  by  a  considerable  excitation 
and  motor  restlessness.  During  the  convulsive  attacks  as  well  as 
in  the  period  between  convulsions  various  respiratory  disorders  occur 
and  cyanosis  appears.  Nucus  is  excreted  from  the  mouth  and  nose. 
Frequently,  vomiting  is  observed.  The  blood  pressure  is  decreased; 
the  pulse  becomes  slow,  arrhythmical  and  of  poor  quality,  sometimes 
thready.  In  the  most  severe  cases  the  convulsive  attacks  are  accom" 
panted  by  progressive  weakening  of  respiration  with  a  subsequent 
stoppage  of  it. 

A  marked  deterioration  of  the  general  condition  in  those 
intoxicated  may  occur  even  during  the  period  of  relatively  satisfact¬ 
ory  condition.  Therefore,  the  persons  intoxicated  with  organic 
phosphorus  compounds  require  particularly  careful  observation.  The 
intoxications  without  any  marked  depression  of  respiration  or  .  > -  - 
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disorders  in  the  vascular  system  have  a  raore  favorable  course. 

Ko  pathological  chaxiges  are  observed  in  the  urine  or 
spinal  fluid.  In  the.  blood  there  is  a  leucocytosis  and  shift  to  the 
left  in  the  differential  white  blood  count.  The  signs  of  intoxic¬ 
ation  are  preseirved  for  several  daySj  and  then  they  gradually  disap¬ 
pear. 

After  the  effect  of  very  large  doses  the  severe  cases  may 
have  a  fulminant  course.  In  these  cases,  the  latent  period  is  very 

•  -  -,l^  ► 

short.  Convulsions  develop  rapidly,  following  one  another  without 
any  , Intervals.  '  ^ 

The  chronic  intoxication  with  organic  phosphorus  compounds 

V  '■  ^ 

may  he  produced  by  the  repeated  effect  of  small  doses  of  the  toxin. 
Chronic  forms  do  not  have  any  specific  clinical  picture.  According 
to  Barnes,  this  form  of  intoxication  is  characterized  by  a  delayed 
and  sluggish  course  of  the  acute  syndrome. 

Therefore,  the  principal  manifestations  of  intoxication 

. 

with  organic  phosphorus  compounds  indicate  the  involvement  primarily 
of  the  central  ner'/ous  system  in  the  pathological  process.  In  mild 
cases  the  disturbances  amount  to  a  disorder  in  the  visual  organs  and 
in  respiration.  Intoxications  of  moderate  severity  are  characterized 
by  pronounced  disorders  of  the  central  nervous  system  functions 
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accompanied  by  torturesome  subjective  sensations.  In  the  severe  intox¬ 
ications  the  clinical  course  and  outcome  of  the  intoxications  are 


i^deterained  by  the  degree  of  disturbances  in  the  central  nervous  system 
function.  The  direct  cause  of  death  is  depression  of  the  respiratory 
center  with  subsequent  paralysis  of  it. 

Late  Consequences 


I  Jhe  prognosis  with' respect  to  recovery 


with  organic  phosphorus  compounds  depends  a  great 


in  persons  intoxicated} 
deal  on  the  severity 


of  the  intoxication.  In  cases  of  mild  forms  of  intoxication  the 
Iprognosis  is  usxmlly  favorable,  and  recovery >  in  the  absence  of  complic- 
lationSj  occurs  during  the  first  two  weeks.  In  connection  with  the 
'prognosis,  severe  injuries,  particularly  in  those  cases  ;Aere  marked 


depression  of  the  respiration  and  cardiovascular  activity  develop, 


are  dangerous. 

Intoxications  which  end  in  recovery,  however,  do  not  always 
Isappcat  without  trace.  In  such  persons  the  following  are  observed 
or  a  long  time  (many  months)  after  recovery;  rapid  fatigability, 
arked  headaches,  general  weakness,  a  staggering  gait;  a  disturbed 
central  nervous  systera  function  remains  in  the  form  of  increased 
irritability,  tendency  toward  insomnia,  rapid  exhaustability  of  the 
nervous  system,  instability  of  the  vegetative  nervous  system  (Reinl). 
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A  decrease  in  the  blood  cholinesterase  activity  is  maintained  for  a 


very 


long  time^  It  should  be  noted  that  the  relationship  between  the 

t 

severity  of  intoxication  and  the  degree  of  depression  of  cholinester¬ 
ase  activity  in  the  blood  is  not  always  observed  in  the  those  afflic¬ 
ted.  For  a  long  period  of  tine  in  those  who  have  suffered  intoxic¬ 
ation  a  tendencj^  remains  toward  regularly  appearing  paroxysms  of 
bronchospamn  and  pneumonia. 

Differential Diagnosis 

! 

In  making  the  diagnosis  it  is  necessary  to  take  into  consid¬ 
eration  the  routes  of  entrance  of  the  toxin  into  the  body.  The 
inhalation  form  of  intoxication  is  the  easiest  type  of  human  injury 
with  organic  phosphorus  compounds  to  diagnose;  here,  very  early  and 
characteristic  differential-diagnostic  signs  are  observed  in  the 
eyes:  constriction  of  the  pupil  to  the  size  of  a  pinhead,  spasm  of 
acconniKidation,  manifested  in  a  disturbance  in  perception  of  distance 
and  in  the  sizes  of  objects  which  appear  to  be  increased  (macropsia). 
Here,  congestion  and  a  certain  edema  of  the  mucosae  of  the  eyes  are 
possible.  Respiration  is  disturbed;  it  becomes  very  much  increased 
in  frequency  and  irregular;  paroxysms  of  bronchospasm  appear.  In 

cases  of  severe  intoxication  an  increased  salivation,  increase  in  the 

*<•  ' 

it 

muscle  tone  and  fibrillary  twitchings  and  convulsions  develop. 


I 


After  contact  of  the  liqtiid  substance  with  the  skin,  if 
the  person  affected  has  been  in  a  gas  mask,  the  signs  xn  the  eyes 
as  well  as  bronchospasra  may  be  absent  or  may  be  slight.  | 

After  intoxication  through  the  gastrointestinal  tract 
(use  of  contaminated  food  and  water)  a  stubborn  vomiting  and  diarrheh 
arc  characteristic;  there  is  a  rapid  development  of  signs  in  the 
I  nervous  system. 

In  all  fonas  of  intoxication  ©f  signs  of  excitation  of  the 
central  nsrvoiis  system  in  the  form  of  restlessness,  convulMions, 
etc.  develop  in  moderate  and  severe  cases. 

It  should  be  kept  in  mind  in  the  differential  diagnosis^ 

! 

!  of  injury  by  organic  phosphorus  compounds  that  they  do  not  possess 

! 

a  cutaneous  oTfect.  Based  on  this,  there,  are  no  particular  difficul- 
I  tics  in  diagnosing  them  differentially  from  lesions  produced  by 
vesicants,  wherein  the  inflammatory-necrotic  processes  in  the  skin 
and  mucous  membranes  are  pronounced,  and  there  are  no  characteristic 
miosis  and  bronchospasiTi,  as  is  seen  with  the  organic  phosphorus 
i  compounds..  Sometimes,  there  may  be  a  difficulty  in  the  differential 
diagnosis  from  lesions  produced  by  asphyxiants.  However,  the  develop 
meet  of  sign.s  of  toxic  pulmonary  edema  (early  hemoconcentration, 
cou'h,  copious  sputum,  etc.)  without  signs  of  bronchospasm 


I 


orspasm  of  accommodation  are  characteristic  of  the  latter.  The 
signs  of  injury  to  the  eyes  are  limited  usually  to  lacrimation  and 
a  mild  conjunctivitis  after  the  effect  of  asphyxiants.  In  cases  of  f 
I  injury  with  lacrimatoty  and  particularly  irritant  war  gases,  a 

E 

f 

, 

profuse  secretion  is  observed  from  the  mucosae  of  k  the  upper 
respiratory  tract  with  marked  lacrimation.  All  this  is 

accompanied  by  a  very  severe  pathology  and  signs  of  irritation  of 
the  mucous  membranes  (severe  hyperemia,  edema). 

Intoxications  with  hydrogen  cyanide  offer  the  greatest 
difficulty  for  the  differential  diagnosis  of  orgarnic  phosphorus  com- 

...  ,  ■  .  .  .p  . 

pound  injuries.  However,  in  the.  former  case  there  are  absolutely  no 

■,  signs  of  eye  involvements;  the  pupils  are  unchanged  or  even  somei^at 

dilated,  and  the  odor  of  bitter  almonds  is  perceived  in  the  exhaled 

are 

air;  the  mucous  membranes  are  pink.  Hereby,  the  convulsions  of  a 
clonic" tonic  nature  and  disappear  rapidly. 

After  intoxication  with  carbon  monoxide  a  dilatation  of  the 
cutaneous  capillaries  is  observed  (on  the  face,  thi^s,  etc.).  The 
I  blood  is  of  a  bri^t  aloe  color,  contains  carboxyhemoglobin.  The 
depression  of  the  neirvous  system  is  more  pronounced.  There  are  no  | 
particular  difficulties  in  distinguishing  organic  phosphorus  compound.;'. 
intoxication  from  intoxications  produced  by  arsine  (prolonged  latent 
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period,  hcraolysis,  and  lesions  in  the  liver  and  kidneys). 

In  cases  of  moderate  and  severe  injuries  the  raost  reliable 
and  specific  differential  diagnostic  feature  in  intoxication  with 
organic  phosphorus  compounds  is  a  reduction  in  the  cholinesterase 
activity  ill  the  blood.  For  the  purpose  of  deteiminlng  the  diagnosis 
in  all  forms  of  intoxication  it  is  essential  to  make  a  careful 
comparison  of  clinical  signs  of  intoxication  with  the  data  of  the 

history  and  the  conditions  under  vd:iich  the  intoxication  occurred. 

' 

Pathology 

It  is  well  krioTO  that  the  pathological  changes  in  intoxic- 

hene rally  .  »  l  _ 

ation  with  toxic  substances,  among  which  are  the  organic  phosphorus 

,  compounds,  are  usually  not  so  distinct  and  are  much  less  varied  than^ 
for  example,  in  the  case  of  injury  by  various  representatives  of  the 
group  of  vesicants  or  asphyxiants.  This  fact  creates  certain 
difficulties  for  the  physician  or  pathologist,  particularly  in  those 
cases  vdiere  determining  the  pathological  changes  pursues  the  aim  of 
diagnosis.  This  is  explained,  on  the  one  hand,  by  the  distinctive 
nature  of  the  effect  of  organic  phosphorus  compounds  on  the  body 
(chiefly  the  effect  on  the  nervous  system  and  blood  vessels),  and, 
on  the  other,  by  the  insignificant  length  of  life  of, those 

intoxicated  after  contact  with  the  poison.  Naturally ,  there  may 

- - 

u - — - - — - - - - - - -  ■■ .  ' 
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simply  be  no  development  of  pathological  changes  here* 

Very  characteristic  of  the  Intoxication  with  organic  phos- 
pho  rns  compound  sis  the  iml  typ  leal  i  ty  of  the  mo  rpholo  gic  p  ic  tnve  * 
Pathological  changes  in  the  various  representatives  of  this  group  of 
compounds  are  the  same,  by  and  large,  and  the  differential  diagnosis 
bet^'?een  various  organic  phosphorus  compounds  should  be  considered 
impossible  in  practice*  ^The  method  of  effect  of  the  , toxin  ori  the 
I  body,  the  route  of  penetration  do  not  produce  any  noticeable  differ- 
ences  eitheif  in  the  pathological  picture  of  the  internal  organs  in 
those  afflicted^  The  morphological  changes  in  the  various  species 
of  animals  also  develop  according  to  an  approximately  unitypical 
pattern.  From  what  has  been  stated  above  it  does  not  follow,  how¬ 
ever,  that  the  pathological  method  cannot  contribute  anything  val¬ 
uable  in  solving  the  problem  of  the  diagnosis  of  intoxications  with 
these  toxins.  In  the  evaluation  of  the  pathological  picture  in  its 
totality  as  well  as  in  supplementing  the  autopsy  data  with  a  careful 
microscopic  investigation  adequate  starting  points  may  be  found  for 
a  correct  postmortem  diagnosis  of  intoxication  with  organic  phosphorui. 
compounds,  ks  is  well  known,  the  latter  chiefly  affect  the  nervous 
system  (central  and  vegetative) ,  enzyme  systems  (particularly ,  cholin¬ 
esterase)  and  also  markedly  Impair  the  processes  of  blood  circulation. 
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In  tine  clinical  picture  of  intoxication  signs  of  involvement  of  the 
centi'al  nervous  system  (convulsions)  and  of  the  parasympathetic 
,  nervous  system  (miosis ,  bradycardia,  salivation,  diarrhea)  predomin¬ 
ate.  In  connection  with  this  the  principal  groups  of  change^  char¬ 
acteristic  in  general,  of  all  cases  of  intoxication  X’/ith  these  toxin? 
may  be  distinguished  In  the  pathological  picture: 

1.  Marked  early  and  long  maintained  rigor  mortis. 

2.  Spastic  contraction  of  the  smooth  musculature  the  result 
of  whtcli  is  the  following:  a)  constriction  of  the  pupils,  sometimes 
unequal,  in  cases  of  the  direct  effect  of  the  toxin  on  the  eyes 
(inhalation  injury) ,  x^hich  is  maintained  for  a  long  time;  with  large 
doses  of  the  toxin  miosis  is  sometimes  observed  also  v/ith  other  iiieth>* 
ods  of  entrance  of  the  toxin  into  the  organism;  b)  spasm  of  the  walls 
of  the  medium- sized  and  small  bronchi;  c)  a  spastic  beady  contrac¬ 
tion  of  the  intestine. 

3.  A  disturbance  in  blood  circulation,  vdiich  is  expressed 
in  congestion  of  internal  organs  and  multiple  hemorrhages. 

1  The  microscopic  examination  introduces  a  number  of  essential 

I 

I  additions  to  this  picture,  particularly  with  respect  to  changes  in 
the  nervous  system,  which  will  be  given  below  in  the  presentation  of 
the  morphologic  changes  by  organs  and  systems.  Here,  stiil  another 
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characteristic  feature  of  the  pathological  changes  should  be  emphas- 
laed  fro®  intoxication  with  organic  phosphorus  compounds,  namely. 


the  absence  of  reactive-inflammatory  processes.  Specifically  this 
circumstance  can  explain  the  unitypicality  of  changes  ■  with 
various  routes  of  entry  of  these  toxins,  because  the  characteristic 
features  in  the  reactions  of  those  organs  through  I'jhlch  the  toxin 


penetrates  into  the  body  are  erased.  | 

It  is  essential  to  discuss  in  greater  detail  the  pathological 

changes  of  various  organs  on  autopsy,  supplementing  the  autopsy. 

picture  with  the.  most  essential  microscopic  changes.  All  -  this 

I  may  be  represented  in  the  form  of  the  following  schema: 

I  Shin.  The  effect  <sf  organic  phosphorus  compounds  on  the 

^  ■  ■ 

skin  doss  not  produce  any  noticeable  local  reaction,  unless  we  take 

into  consideration  a  slight  congestion  and  a  slight  edema.  I 


Eyes.  Constriction  of  the  pupils  after  the  direct  entry  of 
the  toxiii.  The  absence  of  any  signs  in  the  ocular  tunics  is 
characteristic. 

Blood.  Dark  red  in  color,  thick  with  clots. 

Trachea  and  Large  Bronchi.  Moderate  congestion  of  the  mucous 

membrane.  Foamy  fluid  in  the  lumen. 

Lungs.  -In  case  of  death  quickly  they  are  pale  and  collapse 

:  Tliere  Is  a 

{_  .  .  spastic  state  of  the  small  and  medimr_jig.4i>ia5^jj - 
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mucus  is  present  in  the  intact  Ivmiina.  There  is  congestion,  hemorr¬ 
hages,  punctate  and  in  the  form  of  patches,  There  are  no  inflammatory 

;  changes  in  the  lungs.  (Ripper,  Derobert,  Groh) 

■  .  •  ■  I 

Heart,  In  the  cardiac  cavity  there  is  thick  blood,  dark  red 

clots.  There  are'^small  hemorrhages  under  the  endo-and  epicardium. 

With  large  doses  of  the  toxin  there  are  streaky  hemorrhages  in  both 
ventricles.  With  death  after  ten  or  more  hours  dystrophic  changes  are 
I  found  under  the.  microscope  in  the  cardiac  muscle  in  the  form  of  a 
dust-like  fatty  degeneration  of  its  fiber.?  (I.  T.  Yareshko-Brakhnova) . 

Liver.  Congestion;  at  the  late  stages,  fatty  and  hydropic 
degeneration;  a  large  quantity  of  iron- containing  pigpient  (I.  T. 
lYareshko-ErJdchnova,  Ye.  I.  Spynu,  H.  A.  Sazonova,  Ripper). 

Kidneys.  Congestion,  hemorrhages  under  the  capsule.  j 

Spleen  is  anssic;  at  the  late  stages,  there  is  an  abundance  of 

iron-containing  pigixient. 

I  Pancreas.  Multiple  hemorrhages,  particularly  in  the  area  of 

the  head  of  the  pancreas,  are  very  characteristic. 

Stomach.  Small  hemorrhages  into  the  raucous  membrane  (Haeve) . 
Intestine.  Congestion  of  the  blood  vessels  of  the  mesentery, 

;  I  .  ' 

beady  spasm  of  the  wall  of  the  intestine,  hemorrhages  into  the  mucous 
csembrane  (Kaeve) . 


58 


most  pfonouixced  changes  are  observed  in  the  central,  and  vegetative 
nervous  systeiBS,  It  Is  believed  that  intoxication,  with  orgaixic  pbos-  j 
;  phorus  compounds  distinctive  proces-ses  of  an  alterative-dys trophic 
,  nature  and  vascular  disorders  develop  in  the  central  nexv'ous  system 

in  the  absence  of  an  inflaHimatory  reaction.  At  autopsy  ■  of  the  cranium  j 

*  *  -r  I 

I  attention  ;is  attracted  by  the  marked  degree  of  injection  of  the  | 

capillary  network  o£  the  brain,  the  pronounced  congestion  of  the 

: meningeal  blood  vessels  and  brain  matter*  Tlie  brain  tissiie  is  si 

I edematmiB* ,  In  the  brain^stem  area,  subcortical  ganglia,  cerebellum, 

and  XesB  often  in  the  cortex,  small  hemorrhages  -are  seen  (Spynu, 

.iKaempe,  Rower,  Be  robe  rt)* 


Iti  the  case  of  very  rapid  death  pathological  changes  are 

sli^.t  and  amount  chiefly  to  of  acute  swelling  of  the  nerve  cell 

. 

tigrolysis,  and  from  time,  to  time  vacuoli2iation.»  However,  in  cases  of 
death  after  oxie  hour  or  later,  these  changes  Increase  in  their  intens¬ 
ity  and  become  more  heterogeneous*  At  these  periods  the  most  varied 
I 

l^ys trophic-necrotic  changes  may  be  observed  In  the  nerve  cells: 


th romato lysis ,  hyperchromatosls ..of  the  nuclei,  various  stages  of  the 
so-called  ^hsevere  sickness^*  (Yu.  S*  Kagan,  Ye.  I*  Mal<.ovskaya,  Sledek, 
pp e r ,  and  H  o Ime  s ) . 
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I  tlia  brain  the  vascular  disturbances  are  quite  distinct:  edema  of  the  | 

|-  c&rebr&l  tissue,  perivascular  and  pericellular  edema.  In  the  blood  j 

’  \ 

I  vessels  themselves  sometimes  an  edematous  separation  of  the  blood 

I  '  .  ,  J 

I  vessBl-  wStlis  maty  be  encountered  with  sv7elll.tig  of  the.  endothelial  C6llc|5 
\  lipoid'  irifiitt‘ation*  It  is  impossible  to  establish  any  strict  I'ules  | 


and  regulations  in  the  locali^jation  of  the  changes;  however,  it  is 
bel3-eved,  that  most  frequently  Involved  are  the  cortex,  Inter-brain, 
and  cerebelltmn 

The tre fore ,  the  p a tho lo gic al  d at b  xndi cate  th at  ch ie fly  the 

/  f-  < 

nsrvous  s'/stsm  and  blood  vessels  are  affected,  that  is,  the  morphol¬ 
ogical  changes  thereby  should  be  characterized  as  neurovascular.  It 
should  be  emphasized  that  vascular  insufficiency  can  change  into  a 


I  chronic  conditio'n,  as  a  result  of  which  slight  influences  can  lead  to 
late  complications  (cerebral  hemorrhages,  etc.). 

In  conclusion,  we  should  dwell  on  the  possibilities  of  dif¬ 
ferential  pathological  diagnosis.  The  absence  of  any  reactive-  | 

inflammatory  processes  makes  it  possible  easily  to  distinguish  these  | 
changes  from  what  is  observed  after  intoxication  %jith  vesicants  and 
a-sphyxiants .  Speisking  specifically,  a  distinction  has  to  be  made  ; 

I 

I  between  organic  phosphorus  and  other  representatives  of  the  group  of  | 
general  toxic  compounds.  In  these  eases, 


the  characteristic 


r 
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blood  changes  from  intoxication  with  hydrogen  cyanide  and  carbon 

monoxide  should  always  be  kept  in  mind  (aloe-colored  bleed,  bright  re 

cadaveric  spots);  the  possibility  of  making  a  special  chemical  (for 

HCN)  and  spectroscopic  (for  CO)  investigations;  the  distinctive 

nature  of  the  lesion  in  the  brain  (symmetrical  ischemic  necroses  in 

the  case  of  CO  poisoning).  For  intoxication  by  arsine  marked  signs  of 

hemolysis  are  characteristic  (jaundice,  hemoglobinuria,  a  distinctive 

color  of  the  kidneys,  enlarged  spleen,  etc.). 

All  of  the  pathological  changes  mentioned  above  are 

not  characteristic  of  intoxication  with  organic  phosphorus  compounds. 

At  the  same  time,  aftctr  intoxication  by  the  latter,  pupillary  constric'' 

.  tion,  a  spastic  condition  of  the  intestine,  large  hemorrhages  into  the | 

i  pancreas,  and  on  microscopic  examination,  morphological  changes  in  the 

brain,  should  be  considered  specific  to  a  certain  degree. 

Fronhvlaxis .  First’  Aid  and  Treatment 

Ttie  specific  properties  of  tho  organic  pb.ospliorus  compounds,  j 

I 

^ich  consist  of  an  exceptionally  high  degree  of  toxicity,  an  excep¬ 
tional  rapidity  of  action,  and  an  exceptional  power  of  penetrating  not 
only  through  the  respiratory  organs  but  also  throu^  the  skitv,  require 
timely  and  correct  organization  of  prophylactic  measures* 

The  protective  agents  existing  on  supply  (gas  masks,  mantles 
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and  others)  are  capable  of  considerably  reducing  the  danger  of 
intoxication  but  do  not  eliininate  it  conipletely.  VJben  very^  high 
concentrations  of  organic  phospboms  cornpounds  are  created  xn  tiie 
atmosphere  the  intoxication  may  occur  as  the  result  of  inhalation  of 


contminatad  air  in  the  time  needed  to  put  on  a  gas  mask*  The  ^ 
contact  ,  of  the  toxin  with  the  clothes  and  the  absence  of  the  possib^ 


ility  of  processing  it  with  the  antichemical  pack  imediately  can  | 
j  also  lead  to  the  occiirrcnce  of  intoxication.  Finally,  the.  possibility 
bas  not  been  excluded  o£  penetration  of  the  toxin  directly  into  a 
>3oimd.  Therefore,  despite  the  presence  of  individual  protective 
i  facilities,  tlie  need  arises  for  the  use  of  such  prophylactic  measures 
i  la^iich  are  capable  of  considerably  increasinB  the  resistance  of  the 

body  to  the  effect  of  the  toxin. 

Of  the  considerable  number  of  agents  known  (atropine,  physo- 
sttgr.iine  and  other.s)  which  have  been  proposed  for  the  prophylaxis  of 
intoxications  with  organic  phosphorus  compounds,  the  most  active  has 
I  been  shown  to  be  atropine,  which  is  capable  of  preventing  the  death 
of  animals  intoxicated  with  organic  phosphorus  compounds.  The  mechan-  | 
isrn  of  the  prophylactic  effect  of  atropine  is  brou^it  about  by  the. 
blocking  influence  of  it  on  the  choline- reactive  systems  of  the  body. 
:Tnis  makes  it  possible  to  recommend  atropine  and  substances  similar  to 
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it  for  practical  application. 

For  the  purpose  of  treating  intoxications  with  organic 
phosphorus  compounds  various  methods  have  been  proposed  recently 
with  the  use  of  agents  of  antidote,  pathogenetic  and  symptomatic 
therapy.  Such  a  division  is  of  an  arbitrary  nature,  because  in  a 
number  of  cases  it  is  difficult  to  p  classify  one  agent  or  another 


in  only  one  certain  group. 

The  therapy  of  intoxications  with  organic  phosphorus  com¬ 
pounds  is  based  chiefly  on  the  concepts  of  the  mechanism  of  the  toxic 
effect  of  organic  phosphorus  compounds  on  cholinesterase  and  tissue 
choline- reactive  systems,  including  appropriate  elements  of  the 
central  nervous  system.  In  connection  with  this,  compounds  are  inter¬ 
esting  ^ich  are  capable  in  varying  degrees  of  lessening  or  suppress¬ 
ing  the  cholinergic  effect,  namely,  substances  which  possess  the  capac 
ity  of  reactivating  cholinesterase  as  well  as  blocking  the  choline- 
reactive  biochemical  systems  which  are  subjected  to  the  selective 
effect  of  the  toxin  (cholinolytic  preparations).  Tlie  problem  of 
restoration  of  the  activity  of  cholinesterase  at  the  present  time  is 
attracting  the  progressively  greater  attention  of  foreign  research 
workers.  Recently,  throu^  the  works  of  Walson  and  his  coworkers 
(Askew,  Epstein  and  Freeman)  the  possibility  has  been  shown  of  r  :  'o  > 


restoration  of  the  cholinesterase  activity  which  has  been  depressed 
by  organic,  phosphorus  compounds  thrfoird'i  tho  '  application  of 

hydroxaraic  acids.  Tne  application  of  these  compounds  is  capable, 
to  a  certain  degree,  of  lessening  the  toxic  effect  of  organic 
phosphorus  compounds.  However,  it  should  be  noted  that  among  the 

;  reactivators  of  cholinesterase  no  compounds  have  yet  been  fot.tnd  vAicli 

■  ■ 

can  be  used  practically  as  antidotes.  This  is  brou^t  about  by  the 
fact  that  the  given  substances  in  doses  close  to  the  therapevitic 
themselves  possess  a  considerable  degree  of  toxicity;  in  addition, 
their  therapeutic  effect  is  manifested  quite  slowly,  neverthe¬ 
less,  as  is  well  known  from  the  foreign  literature,  searches  for 
\  active  compounds  of  this  kind  are  continuing  and  possibly  will  lead 
to  more  encouraging  results. 

The  most  effective  results  have  been  obtained  irx  connection 
with  the  development  of  methods  of  treatment  based  on  principles  of 
physiological  antagonism.  The  principal  place  in  these  inveotigationu 
have  been  occupied  by  works  on  the  study  of  therapeutic  properties 
of  cholinolytic  preparations.  According  to  the  data  of  foreign 
authors  (Heymans  and  others,  Krop  and  Loomis,  Modell  and  Kropp) , 
of  all  the  cholinolytic  agents  which  have  been  proposed  for  the 
I  therapy  of  intoxications  with  organic  phosphorus  compounds  the  best 
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has  baeh  shown  to  be  atropine,  which  reduces  the 


phenomena  of 


bronchospasiB,  miosis,  salivation  and  other  symptoms.  In  mild  cases 
of  intoxication  (Inhalation  form)  characterised  by  the  presence  of 
miosis  and  signs  of  a  moderate  bronchospasm  (labored  respiration, 
unpleasant  sensations  behind  the  sternum) ,  the  use  of  atropine 
(either  by  mouth  or  subcutaneously  in  a  dose  of  one  tailligram)  has 
been  to  he  highly  effective.  It  rapidly  eliminates  the  pheno¬ 

mena  of  bronchospasm  and  miosis.  A  good  therapeutic  effect  is  obtalr 
ed  thereby  not  only  at  the  beginning  of  the  intoxication  but  also  I 
several  hours  after  it.  When  the  eyes  are  affected  the  use  of  atrop- 

‘i 

Ine  in  the  form,  of  eye  drops  (one  to  two  percent  solution)  is  also  j 


v  effective*  It  completely  eliminates  or  reduces  the  phenomena  of 
miosis  and  causes  a  dilatation  of  the  pupil.  Xlmely  use  of  atropine 


in  cases  of  moderate  severity  of  intoxication  with  organic  phosphorus 
compounds,  as  a  rule,  reduces  the  severity  of  the  intoxication.  Thus 
for  example,  several  minutes  after  the  administration  of  atropine 
I  (subcutaneously,  two  milligrams),  In  the  presence  of  signs  of  marked 
excitation,  the  respiration  bexomes  freej  the  excitation  and  retro- 
stenial  pains  decrease;  the  patient  lies  peacefully  or  sleeps.  How¬ 
ever,  a  single  application  of  at ropine'^^^^ these  conditions  • 


inadequate  for  complete  cure,  because  after  a  certain  time 
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the  signs  of  excitation  and  asphyxia  usually  recur.  A  second 
injection  of  atropine  can  again  eliminate  the  signs  of  the  intoxlc*- 
atlon. 

Therefore,  with  .intoxications  of  moderate  severity  the 
subcutaneous  injection  of  atropine  eliminates  the  principal  signs  of 
the  intoxication*  Thereby  the  therapeutic  effect  lasts,  on  the 
average,  for  five  to  seven  hours,  after  \Aich  the  paroxysTns  of 
excitation  and  asphyxia  recur*  Therefore,  the  second  application 

of  atropine  is  necessary.  The  use  of  atropine  is  indicated  also  in  | 

. 

serious  cases  of  intoxication  (Grob,  Jaques,  Bein  and  Meier).  It 

should  be  taken  into  consideration  only  that  the  latter  exerts  a 

therapeutic  effect  only  for  a  certain  time,  after  which  the  general 

condition  again  deteriorates,  and  the  convulsions  recur*  Wliile  in 

intoxications  of  moderate  severity  atropine  exerts  an  influence  for 

five  to  seven  hours,  in  the  severe  forms  this  ii'\terval  of  time  is 

considerably  shortened  and  lasts  about  two  hours.  In  such  cases, 
repeated 

the  and  more  frequent  use  of  the  preparatiovi  is  indicated; 

the  dosage  should  be  higher  than  that  allowed  by  the  official 
pharmacopoiea  (no  less  than  three  milligrams). 

Therefore,  as  a  result  of  utilization  of  atropine  for  the 
mild  forms  of  intoxication  a  rapid  recovery  of  the  afflicted  persons 
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is  obserred.  *rhe  use  of  it  for  intoxications  of  moderate  severity 
mitigates  tbe  sigUvS  of  intoxication  considerably^  and  recovery  occurs 
even  at  the  end  o£  the  first  24  hours.  Finally,  in  the  severe,  injuries, 
atropine  can  save  the  lives  of  the  afflicted  persons,  although  final 
recovery  drags  on  for  a  longer  time.  The  therapeutic  effect  of 
atropine  with  respect  to  organic  phosphorus  compounds  is, nevertheless 
of  a  limited  nature.  According  to  the  data  of  foreign  authors,  it 
is  fcaowti  that  atropine  only  lessens  the  convulsive  attacks  after 
intoxications  with  diisopropylfluorophosphate  and  other  organic 
phosphorus  compounds  but  does  not  suppress  the  convitlslon  completely. 

It  does  not  exert  any  influence  either  on  the  fi-brillary  muscular  | 
contractions^ 

Despite  the  favorable  effect,  atropine  possesses  a  nrmiber  of 
defects  (toxicity,  Inadequate  therapeutic  effect,  eta),  and  therefore 
cannot  satisfy  ull  the  requirements  made  at  present  on  an  antidote  for 
organic  phosphorus  compounds.  In  its  turn,  this  has  led  to  a  search 
for  x-iaw,  more  active  ax\d  specific  antidotes  for  the  organic  phosphorus 
compounds.  At  the  present  time,  in  addition  to  the  natural  choIinolyt.1|Cs 
(atropine  and  other  allcalolds)  synthetic  'compounds,  of  a  similar  type 
may  be.  used  in  the  capacity  of  such  antidotes*  In  addition,  the 
coinbinatlon  of  various  preparations  of  cholinolytic  type'  may  be 


; 


67 


j 


I 

I 


I  recosranended  for  purposes  of  increasing  their  effectiveness.  Thereby, 
it  should  be  taken  into  consideration  that  the  therapeutic  effect  of 
|.  cholinolytics  depends  on  the  time  of  administration  of  them  after 

Intoxication.  Hue  earlier  application  of  them  assures  a  more  favorable 

I  As  has  been  stated  above,  various  organs  and  systems  are 

t 

involved  in  the  pathological  process  in  the  case  of  intoxication  by 
organic  phosphorus  compounds;  therefore,  treatment  of  such  intoxic¬ 
ations  should  be  based  on  the  use  not  only  of  preparations  with  an 
antidote  type  of  effect  but  also  of  various  agents  of  . 

pathogenetic  end  symptomatic  therapy,  depending  on  the  individual 
'■  condition  of  the  afflicted  person.  First  of  all,  it  should  be  kept 
in  mivid  that  a  marked  depression  or  stoppage  of  respiration  requires 
prompt  measures  in  the. sense  of  application  of  artificial  respiration 
(Elam,  Clements,  Brown,  Elton).  It  should  be  noted  particularly  that 
artificial  respiration  is  more  effective  than  the  use  of  preparations 
tAich  excite  the  respiratory  center  •  in  similar  cases.  Thus, 
the  timely  use  of  artificial  respiration  in  combination  with  the  use 
of  an  antidote  and  a  other  therapeutic  agents  can  prevent  the  death  ; 
of  the  intoxicated  person  even  after  large  doses  of  the  -  toxin.  The 

performance  of  artificial  respiration  for  a  long  period  of  time  makes 

.  . . 
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it  possible  not  only  to  maintain  the  function  of  the  respiratory 


center  for  a  long  time  but  even  restores  it.  Thereby,  it  should  be 


talcen  into  consideration  that  artificial  respiration  is  more  effect¬ 
ive  only  in  case  it  is  carried  out  by  means  of  spedial  instruments. 
Hand  methods  are  less  effective.  Even  j^etter  results  may  be  obtained 
through  the  combination  of  artificial  respiration  and  administration 


!of  oxygen. 

As  is  well  known,  after  injury  with  organic -phosphorus  com-  : 
pounds  considerable  disorders  are  observed  In  the  patients  in  the 
cardiovascular  system*  .  In  such  cases,  castphor,  caffeitie,  strophanthir 
and  other  agents  should  be  recommended  in  appropriate  doses*  However, 
the  use  of  cardiovascular  stimulants  ‘alone  in  the  severe  cases  of 
intoxication  does  not  produce  the  desired  result.  The  use  of  these 
agents  in  combination  with  atropine  or  other  preparations  of  the 


antidote  type  of  action  is  much  more  effective. 

With  the  aim  of  reducing  and  stopping  the  convulsive 
paroxysms,  the  use  of  anesthetic  and  narcotic  agents  is  recommended 
along  with  atropine.  At  the  same  time,  the’ use  of  such  agents  v^hiot 

V 

considerably  depress  the  respiratory  center  (chloroform,  morphine) 
should  be  contraindicated  (deques  and  others).  When  necessary,  the 


use  of  glucose,  cphedrin,  luntinal  and  others  is  indicated. 
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of  S>n:np toitiatlc  therapy  has  been  made  the  basis  of  therapy  of  intoxic¬ 
ation  by  organic  phosphorus  compounds,  A  certain  sequence  in  render- 
]■  iug  first  aid  and  treatment  may  be  recoriTiiended,  First  of  all,  the 
I  patient  should  be  removed  immediately  from  the  contami-nated  atmospher 
I  after  first  putting  a  gas  mask  on  him.  It  should  be  kept  in  mind 
I  that  the  outcome  of  the  intoxication  depends  on  the  fype  tmely  usa 
of  the  antidote  and,  therefore,  e  under  all  conditions  (by  way  of 
self-help  or  mutual  aid)  it  is  necessary  to  use  a  special  antidote. 

Under  conditions  x^iere  the  toxin  comes  into  contact  with  the 
mucous  membranes  (eyes  and  others)  they  should  be  washed  out  with 
two  percent  sodlimi  bicarbonate  solution,  and  in  the  presence  of  miosis 


Y  one  or  two  drops  of  one  percent  atropine  solution  should  be  instilled 


into  the  eyes.  At  the  first  opportunity  the 


patient's  clothes 


should  be  changed. 

In  mild  cases  treatment  nay  be  limited,  chiefly  to  a  single 
application  of  atropine  (one  milligram  subcutaneously  or  by  mouth), 
Pyranrldone  is  used  for  headaches. 

In  the  more  serious  cases  of  intoxication  a  special  antidote, 
possibly  atropine,  is  injected  but  in  larger  doses  (one  to  two  milli¬ 
grams)  repeatedly  (every  four  to  six  hours).  In  addition,  at  the  same 


time  symptoraatic  measures  are  indicated:  for  excitation,  luiiainal; 


I 

} 


j  for  signs  of  asphyxia,  oxygen  therapy;  of  the  cardiac  agents,  camphor, 
caffeine.  It  is  recomraended  that  conditions  of  complete  rest  be 
created,  because  the  slightest  movement  aggravates  the  condition  of 
the  patient* 

In  the  severe  fonns  of  intoxicatioii  the  ^mediate  admlnis- 
tration  of  the  special  antidote  or  of  atropine  (see  above)  is 
indicated*  In  parallel  with  this,  in  the  presence  of  a  marked  dist¬ 
urbance  or  stoppage  of  respiration,  artificial  respiration  is  given, 
and  oxygen  is  prescribed*  Before  giving  artificial  respiration  the 
respiratory  tract  should  be  cleaned  of  mucus  and  fluid.  For  the 
purpose  of  stimulating  cardiac  ao  tivity  caffeine  and  strophanthin 
are  prescribed*  Id.  the  case  of  marked  circulatory  disorders  adrenalinj 
and  slow  blood  transfusion  are  recommended.  The  patient  should  be 
given  rest  and  subsequent  hospital  treatment* 

The  system  of  treatment  of  injuries  by  organic  phosphorus 

, 

compounds  presented  above  is  only  a  tentative  one  and  cannot  be  con¬ 
sidered  absolutely  perfect. 
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Fourth  Lecture  ■ 

WiMIllWW  Ilf  i'll>.»wur«»w 

The  Fundamental  Principles  of  Organization  of  the  Work  of  the  MPVO 
Medical  Service  in  Cases  of  Mass  Attack  Against  the  Populatipn  With 

Organic  Phosphorus  Compounds 

Modem  medical  service  tactics  of  the  MPVO  is  based  on  a 
scientifically  grounded  system  of  therapeutic-evacuation  care.  The 
principles  of  stage  therapy  with  evacuation  of  the  patients  as  indic¬ 
ated  and  all-possible  approximation  to  the  focus  of  the  attack  (OP) 
i  by  qualified  and  special  medical  aid  with  consideration  of  all  the 
characteristics  of  the  complexified  medical- tactical  clrcun7Stances 
(A*  Ye.  Minenko)have  been  made  the  basis  of  this  system. 

In  the  event  of  occurrence  of  a  focus  of  mass  attack  against 
the  population,  one  of  the  principal  and  decisive  elements  in  the 
provision  for  the  therapeutic-evacuation  care  to  patients  is  a  well 
and  properly  organized  medical  classification.  It  consists  of  a 
distribution  of  the  patients  into  groups  which  are  homogeneous  x^lth 
respet^  to  the  following:  1)  the  nature  and  severity’'  of  the  itvtoxicat ions; 
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2)  the  t3rpe  and  the  degree  of  urgency  of  the  medical  aid;  3)  those 
with  indications  for  evacuation  mxd  groups  according  to  the  sequence 

I 

of  evacuation;  4)  hennogeneous  with  respect  to  the  method  of  evacuation 
4  and  the  type  of  ambulance  to  be  used.  Such  a  distribution  of 
patients  provides  for  the  possibility  of  organiaation  of  timely 
medical  care,  correct,  complete  and  successive  treatment,  as  well  as 
efficient  evacuation  of  patients  as  indicated.  At  the  same  time, 
only  the  correct  solution  of  all  these  problems  can  provide  for 
effectiveness  in  the  operation  of  the  MS  MPVO  Radical  Service  of 
the  Antiaircraft  Defense/ in  eliminating  the  foci  of  mass  involvement 

V 

of  the  population.  Medical  classification  is  accomplished  at  all 
stages  of  the  therapeutic-evacuation  care  of  patients  and  should  be 
obligatory,  timely,  successive,  and  should  contribute  to  the  proper 
organization  of  medical  care,  treatment  and  evacuation  of  the  afflic- 
tec  persons.  In  every  individual  case  the  characteristics  of  medical 

classification  are  determined  by  the  medical- tactical  circumstances 

■ 

in  the  focus  of  involvement  and  the  volume  of  medical  care  possible 
at  various  stages  of  evacuation.  A  compulsory  reduction  or  the 
possibility  of  expansion  of  the  volume  of  medical  care  at  a  given 
stage  will  directly  influence  the  nature  of  the  classification 
accomplished.  I 
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Tlie  folloving  types  of  medical  classification  are  disting¬ 
uished  (I.  K,  Timko):  1)  intrastation  --  the  distribution  of  patients 
within  a  given  medical  institution  in  accordance  with  the  nature  and 
severity  of  the  affliction;  2)  diagnostic  the  determination  of 
the  nature,  volume  and  sequence  of  rendering  medical  aid  to  the 

'  •  i 

patient  as  well  as  the  probable  outcome  of  the  affliction  of  th(^ 
tentative  duration  of  therapy;  3)  evacuation- transportation  --  the 
establishment  of  a  stage  of  medical  evacuation  to  which  the  patient 
should  be  evacuated  for  the  purpose  of  further  treatment  (the  place 
to  \^ich  he  is  to  be  evacuated  should  be  indicated)  ,  of  the  sequence 
of  evacuation  (first  or  second),  type  of  transportation  (truck, 

V  ambulance,  automobile,  adapted  or  unadapted;  for  the  slightly 
afflicted  --  on  foot  or  by  automobile) ,  methods  of  transportation 
for  evacuation  (sitting,  lying,  on  the  first  or  second  tier). 

In  the  case  of  mass  attack  against  the  population  vrith 
organic  phosphorus  compounds  medical  first  aid  to  the  afflicted 
is  given  directly  in  the  focus  of  involvement  itself  by  medical  group 
personnel,  among  which  are  the  sanitation  units  (SZ)  sanitation 
brigades  (SD)  detachments  for  searching  out  and  manual  evacuation 
of  patients  (ORVP)  as  well  as  by  the  personnel  of  groups  of  other 
KPVO  services.  All  the  population  capable  of  working  should  be  broughk 
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in  for  this  work,  and  they  should  work  in  the-foous  of  iwolvaraent  unde:- 
the  supervision  of  a  nurse  of  the  search-classification  groups  (PSS), 
detachments  of  medical  first  aid  (om).  Here,  a  primary  medical  classi- 
■fication  of  the  patient-s  is  accomplished,  a  distribution  of  them  into 
groups  in  accordanca  with  the  sequence  and  method  of  evacuation  needed 
from  the  focus  of  involvement.  It  should  be  emphasi?!sd  that  despite  «.he 
relative  primitiveness  of  the  medical  classification  under  these  conci- 
tions,  because  it  is  even  performed  by  non-iaedioal  workers,  its  part  in 
the  matter  of  saving  lives  of  those  affected  by  organic  phosphorus  com¬ 
pounds  is  exceptionally  great.  Hereby,  the  efficacy  of  further  medical 
measures  and  the  possibility  of  a  favorable  outcome  depend  on  the  speed 
of  rendering  medical  first  aid  and  evacuation  of  patients  from  the  area 
of  involvement,  the  proper  selection  of  the  method  of  evacuation  and 
V the  timely  rendoi'iiig  of  medical  fi^st  aid* 

Taldng  into  consideration  the  particularly  high  degree  of  toxicity 
of  organic  phosphorus  compounds  and' a  number  of  specific  qualities  of 
their  effects,  it  should  be  considered  that  the  majority  of  persons 
affected  by  these  compounds  will  bo  seriously  afflicted,  regardless  of 
their  feeling  of  well-being  at  any  given  moment.  Therefore,  they  shoul 
be  evacuated  from  the  focus  of  iiivolvement  to  medical  institutions  as 
quickly  as  possible.  The  evacuation  should  be  performed  by  the  gentlest 
type  of  transportation  (litter,  ambulance  or  truck— specially  adapted 
for  the  transportation  of  seriously  afflicted  persons). 
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The  afflicted  person  himself  should  remain  for  the  entire  time 
in  a  comfortable  lying  position,  under  calm  conditions  with  a  . 
minimal  expenditure  of  efforts  and  energy.  In  all  cases  of 
injury  with  organic  phosphorus  compounds  the  earliest 
possible  use  of  the  antidote  if  obligatory. 

The  volume  of  medical  first  aid  for  persons  afflicted  by 
organic  phosphorus  compounds  carried  out  by  mass  medical 
groups  (SZ,  SD,  ORVP,  PSG)  in  the  focus  of  involvement 
consists  of  the  immediate  application  of  a  gas  mask  to  the 
afflicted  person  or  the  replacement  of  a  faulty  gas  mask 
(v/ith  a  preliminary,  if  necessary,  appropriate  treatment  of 
the  face  and  observance  of  all  the  rules  established  for  such 
cases)  and  the  administration  of  the  antidote.  Outside  of  the 
contaminated  area  a  copious  irrigation  of  the  mucous  membranes 
of  the  eyes,  nose  and  mouth  is  accomplished  with  water  or  two 
percent  sodium  bicarbonate  solution  and  a  partial  sanitation- 
chemical  processing  with  the  use  of  the  individual  gas 
ca.sualty  kit.  In  the  presence  of  medical  indications  it  is 
necessary  to  stop  bleeding,  to  use  artificial  respiration,  to 
apply  a  sterile  dressing,  to  accomplish  immobilization,  et 
cetera.  After  rendering  medical  first  aid  the  afflicted  persons, 
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where  possible,  are  evacuated  directly  to  the  nearest  city 
hospitals  of  the  MS  MPVO*  In  the  event  they  are  destroyed  or 
they  are  too  far,  the  rnedical  first  aid  can  be  given  in  the 
nearest  medical  first  aid  detachments  (OPM)  as  well  as  in  the 
hospital  units  for  medical  aid  (SPM). 

The  extent  of  medical  aid  to  those  affected  by  organic 
phosphorus  compounds  in  the  OPM^,  PPM  and  SPM  chiefly 
coTAsist  of  the  administration  of  the  antidote,  the  removal  of 
the  toxin  from  the  gastrointestinal  tract  as  well  as  a  processing 
of  the  mucous  membranes  of  the  eyes,  mouth  and  upper 
respiratory  tract;  a  pairtial  or,  where  necessary,  complete 
sanitary- chemical  processing  with  degassing  of  the  clothes  and 
footwear*  Here,  emergency  surgical  care  Is  given:  definitive 
stoppage  of  bleeding,  surgical  operations  for  vital  indications, 
the  application  correction  and  replacement  of  bandages, 
immobilization,  blood  transfusion  and  infusion  of  blood 
substitutes,  the  administration  of  tetanus  and  gas  gangrene  sera 
for  prophylactic  purposes,  antibiotics,  et  cetera*  At  the  same 
time,  emergency  therajjaitic  care  is  also  given:  bringing  the 
patient  out  of  the  condition  of  shock,  combating  anoxemia  and 
asphyxia  (oxygen  therapy,  artificial  respiration,  etcetera),  the 
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prevention  or  lessening  or  the  absorptive  effect  of  the  toxin,  the 
prevention  and  control  of  the  phenomena  of  toxic  pulmonary 
edema,  the  use  of  cardiac,  symptomatic  agents,  et  cetera.  As 
an  obligatory  matter,  registration  of  the  afflicted  persons  is 
accomplished  and  &-  initial  medical  records  are  filled  in 
according  to  the  established  form.  It  should  be  noted  that  the 
indicated  extent  of  medical  aid  is  tentative,  because  it  cannot  be 
constant  at  any  stage  of  medical  evacuation  but  rather  is  set  up 
depending  on  the  general  medical-tactical  circumstances  which 
have  been  built  up  and  can  be  changed  at  various  periods  of 
eliminating  the  focus  of  involvement. 

After  rendering  medical  aid  in  the  OPM  and  SPM  those 
affected  by  organic  phosphorus  compounds,  according  to 
sequence,  are  evacuated  in  accordance  with  medical 
indications  (evacuation-transporatlon  classification)  to  the 
nearest  MS  MPVO  hospitals  of  the  city,  and  when  these  are 
absent,  they  are  evacuated  to  suburban  hospitals  of  the 
classification-evacuation  base  (SEB)  by  the  gentlest  method  of 
transportation.  Those  afflicted  by  OV  arriving  by  any  method 
at  the  hospitals  of  the  MS  MPVO  are  subjected  in  intrahospital 
(intrastation)  classification  in  the  classification-receiving 
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departments*  In  the  sanitary  processing  area  of  the  hospitals 
of  the  MS  MPVO  sanitary- chemical  processing  is  given  to 
patients  who  have  not  received  it  at  previous  stages  of 
evacuation,  and  their  clothes  and  footwear  are  sent  out  for 
■degassing*  From  the  claasification-receiving  department  of 

I 

1 

the  hospital,  those  affected  by  oi*ganic  phosphorus  compounds  I 
are  sent  to  therapeutic  departments  in  accordance  with 
medical  indications  (dia^gnostic  and  prognostic  classification) 
where  they  are  given  qualified  and  specialized  medical  aid.  As 
,a  rule,  the  patients  admitted  to  the  hospitals  of  the  MS  MPVO, 
are  not  subjected  to  any  further  evaluation  and  are  given  an 
entire  coarse  of  treatment  in  full  volume  until  they  recover. 
However,  in  individual  cases,  In  the  presence  of  particularly 
complexified  medical-tactical  circumstances,  the  evacuation  of 
part  of  the  transportable  patients  from  the  city  hospitals  of  the 
MS  MPVO  to  SEB  institutions  may  be  required. 

As  a  mattex*  of  organization  of  medical  care,  particularly  in 
the  case  of  mass  attacks  against  the  population,  a  considerable 
part  belongs  to  the  toxic -therapeutic  brigades,  both  those 
included  in  the  detachments  and  groups  of  specialized  medical 
care  (OSMP  and  GSMP)  and  those  which  are  individually  formed. 


t 

I 

\ 

..  _ I — — - - - —  ‘ 

Highly  qualified  persontiel  with  considerable  practical 

, 

experience  in  medical.  Avork  according  to  their  category  and  a 

good  supply  of  drugs,  dressing  material  and  other  equipment 

make  it  possible  for  toxic-therapeutic  brigades  to  organize 

I  a  complete  specialized  aid  with  the  utilization  of  the  latest 

I  achievements  of  medicine*  These  characteristics  of  the  I 

toxic-therapeutic  brigades  of  the  OSMP  and  GShxP  account  for 

the  possibility  of  their  personnel  accomplishing  not  only  the 

work  v/ithin  the  limits  of  a  special  category  but  also  in  another, 

i  differ  exit  category,  for  which  the  need  may  arise,  depending 

on  soecif.ic  medical-tactical  circumstances  which  arise*  The 

greater  mobility  of  these  groups  makes  it  possible  rapidly 

to  or<yamze  specialized  medical  care  at  various  stages  of 

evacuation  for  the  patients*  Thereby,  the  brigades  may  be  sent 

not  only  to  any  hospital  institution  of  the  MS  MPVO,  but  in 

various  cases  also  to  the  OPM,  if  the  circumstances,  require  it* 

of 

In  solving  problems  organization  of  the  MS  MJPVO  special  | 
attention  should  be  directed  to  the  specific  characteristics  of  the 
entire  medical  service  work  under  conditions  of  elimination  of 
the  consequences  of  a  chemical  attack  by  the  enemy*  It  should 
be  taken  into  consideration  that  even  in  the  event  of  use  of  only 
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chemical  weapons  by  the  enemy  without  combining  it  with  other 

types  (demolitioiij  fragir}entatloa  and  incendiary  bombs,  atomic  J 

I 

and  bacteriological  weapons),  wdiich  can  hardly  occur,  patients 
will  be  admitted  to  the  hospitals  of  the  MS  MPVO 

and  medical  aid  stations  with  burns,  injuries  and  possibly,  other 

: 

I 

patients  along  with  those  affected  by  organic  phosphonzs  | 

1 

compounds*  The  latter  circumstance  considerably  expands  the 
volame  and  complicates  the  therapeutic-evacuation  work*  The 
need  arises  for  a  strict  division  of  persons 

afjElicted  by  droplet  organic  phosphorus  compounds,  which 
present  a  danger  to  those  around,  from  the  other  j 

categories  of  patients*  This  leads  to  the  need  for  organl23ation 
of  a  continuous -flow  system  of  care  at  the  medical  aid  stations 
and  in  the  hospitals  without  crossing  of  the  corresponding  lines, 
whereby  the  part  played  by  the  receiving-classification 
departments  of  the  OPM,  SPM  and  hospitals  of  the  MS  MPVO 
increases  particularly. 

Medical  Institutions  shoitld  be  provided  with,  special  medical 
equipment  for  caring  for  persons  afflicted  by  organic  phosphorus 
cornpouuds  (in  the  dressing  and  operating  rooms  Individual 
tables,  instruments,  et  cetera  should  be  set  apart)  ,  as  well  as 
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with  facilities  for  antichemical  protection  of  the  personnel. 

In  the  receiving-classification  departments  and  in  the 
sanitary  processing  rooms  of  the  medical  institutions  the 
personnel  should  work  in  protective  clothing  and  gas  masks. 
For  the  proper  accomplishment  of  all- the  measures  mentioned 
above  special  training  is  required  for  the  entire  personnel  of 
the  groups  and  institutions  of  the  MS  MPVO  and  training  of  it 
in  the  characteristics  of  medical  work  under  conditions  of 
elimination  of  consequences  of  chemical  attack  by  the  enemy. 


Sanitation- Chemical  Examination*  Proteciion 
of  Water  and  Food  Products  after  Contamination 
by  Organic  Phosphems  Compounds  '  j 

General  Problems  of  Sanitation- Chemical.  Examination  | 

In  a  chemical  attack  food  products  and  water  may  be 
subjected  to  the  effect  of  war  gases.  Here^  the  contaminated 
food  products  become  dangerous  for  man  and  may  be  the  | 

source  of  intoxication  of  Mm.  The  degree  of  intoxication  | 

depends  on  the  properties  of  the  food  product  itself  and  on  the 


nature  of  the  packing  of  the  latter.  As  a  result  of  an  examination 
made  food  products  may  be  divided  into  the  following  groups 


according  to  the  degree  of  contamination: 

1)  products  which  are  in  reliable  and  intact  shelters 
(protected  storehouses,  refrigers-to^  chambers,  tightly  sealed 

containers,  et  cetera)? 

2)  products  which  do  not  have  any  external  signs  of  contamination 
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hut  which  are  to  the  imraediate  vicinity  of  contaminated 
premise.^  or  contaminated  territory; 

3)  products  which  arc  definitely  contaminated. 

Products  belonging  to  the  first  group  are  considered 
arbitrarily  non- contaminated.  However,  the  use  of  them  is 
posslhle  only  after  decontamination  of  the  territory  and  outer 
surfaces  of  the  protected  premises  or  containers  with 
subsequent  check  examinations  of  samples  of  these  products  in 

the  laboratory. 

Water  and  food  products  can  be  contaminated:  1)  by  tneans  of 
xnit-tary  use  of  war  gases;  2)  by  means  of  a  diversionary 
attack.  With  any  of  the  methods  of  chemical  attack  used  under 
current  conditions  all  open  sources  of  water  and  reservoirs, 
food  products  and  semifinished  products  kept  at  storehouses, 
bases,  food  enterprises,  under  domestic  conditions  as  well  as 
during  transporation  may  be  subjected  to  the  effect  of 

organic  phosphorus  compounds. 

Work  on  the  examination  of  water,  food  products  and  fodder 

for  the  detection  of  war  gases  is  entrusted  to  the  medical, 
reterinary  as  well  as  the  mercantile  and  food  services  of  the 


MPVO. 
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Measures  for  the  examination  of  water,  food  products  and 
fodder  consist  of  the  following;  1)  the  determination  of  the 
degree  of  contamination  depending  on  the  nature  of  the 
chemical  agent  and  the  conditions  under  which  the  water  and 
food  products  are  kept;  Z)  solution  of  the  problem  of  measures 
to  be  taken  with  respect  to  the  water  and  food  products  which 
are  undoubtedly  contaminated  even  without  chemical  analysis; 

3)  the  taking  of  samples  for  making  chemical  analyses  of  water^ 
food  products  and  fodder  suspected  of  contamination;  4)  the 

I 

proper  selection  and  shipping  of  the  samples  taken  (if  the  i 

circumstances  require  this)  and  the  performance  of  the 
analysis  itself;  5)  the  making  of  one  decision  or  another  on  the 
basis  of  the  data  of  the  analysis  with  respect  to  water,  food 
products  and  fodder  suspected  of  contamination;  6)  the 
rendering  of  conclusions  concerning  the  possibility  of 
utilization  of  food  products,  semifinished  products  and  fodder 
contaminated  with  war  ga.ses  by  people  and  animals  as  well  as 
the  recommendations  for  possibilities  of  degassing,  utilization  of 
them  or  the  need  for  destruction  of  them.  Large  batches  of  food 
products  can  be  destroyed  only  after  repeated  and  unsuccessful 
degassing  or  when  it  is  impossible. 


I 


. . . — - - - — . . — - 

Laboratories  (city^  inter-rayon  and  installation)  are 

i  included  in  tlie  medical  service  of  the  city  MPVO.  The  city  > 

1  .  i 

and  inter -rayon  laboratories  include  three  departments: 

radiometric,  sanitation-chemical  and  bacteriological.  The 

installation  laboratories  may  have  one,  two  or  all  three  of  ! 

^  these  departments^ 

T'hc  detection  of  war  gc5.scs  b.5  well  as  tixc  cxaminatioTi  of 

I  water,  food  products  and  the  rendering  of  a  conclusion 

I  '  ! 

{  concerning  their  suitability  are  included  in  the  problems  of 

i 

[  3 a, rltatioTi- chemical  dej>ai‘tment  of  the  MS  MPVO  laborat.oJ. y« 

I 

1  P  or  this  purpose,  the  department  of  the  sanitation-chemical 

examination  board  is  equipped  with  all  the  necessary  reagents, 
apparatus  and  facilities  for  personal  protection. 

The  m,ercsrjti3.e  and  food  services  of  the  MPYO  organizes 
control  units  at  aU  the  food  installations  (bases,  storehouses, 

I  I'ef riger atoi'  set-ups,  elevators,  meat  conibines,  scores, 

I  delicatessens,  dining  roorxT-s,  et  cetera,).  The  control  unit 

I  consists  of  four  people,  and  their  number  is  determined  by  the 

j  chief  of  the  MPVO  installation.  The  control  units  are  obliged, 
j  with  the  occurrence  of  foci  of  involvement  at  the  installation, 
to  examine  food  products,  water,  raw  material,  semifinished 


86 


products  and  to  take  samples  of  products  which  axe  contaminate* 
or  suspected  of  contamirs.atio'a,  heing  guided  "by  rules  of 
selection  of  samples  thereby. 

The  samples  of  food  products,  v/ater,  raw  materials, 
semifinished  products  which  are  taken  for  laboratory 
examinatioM  by  workers  of  the  control  unit  are  sent  to  the 
installation  laboratory  of  the  MS  MPVO  (of  the  given 
installation),  to  the  city  or  inter -rayon  laboratory  org^issed 


at  the 


sanitary  epidemiological  station.  In  connection 


with  this,  an  impoxtsmt  part  is  played  by  medical  workers  who 
are  set  apart  for  training  the  personnel  of  the  control  units. 

In  the  performance  of  exercises  special  attention  should  be 
given  to  the  acquisition  of  good  practical  habits  by  every  worker 
in  the  control  unit  for  taking  samples,  with  the  observance  of 
all  the  rules  of  taking  samples,  of  taking  measures  of  personal 
protection,  as  well  as  for  filling  In  the  necessary  records  and 
sending  the  samples  taken  to  the  laboratory. 

It  is  most  expedient  to  bring  in  medlcad  workers  of  food 
and  mercantile  enterprises  as  well  as  physicians  of  the 
sanitary  epldemiologicad  stations  for  training  the  control  units. 
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Samples  p£  fodder  for  investigation  are  sent,  to  the  laboratory 
of  the  veterinary  service  of  the  MPVO„ 

■  For  the  purpose  of  taking  measures  for  the.  decontamination, 
utilization  or  destruction  of  food  products  contaminated  by  war 
.gases  special  detachments  of  the  mercantile  and  food  services 
of  the  MPVO  are  organized  in  the  city  and  are  given  the 
appropriate  training.  The  personnel  of  the  control  units  may 
participate  in  these  measures* 

Without  the  sanitary- chemical  examination  the  utilization  and  j 

I 

I 

issuance  of  food  products  is  prohibited  when  there  is  the  slightest 
suspicion  of  contamination  in  storehouses,  publid  dining  room 
enterprises  and  food  stores. 

The  Ord e r  of  T aking  Food  Prod 
F'or  the  purpose  of  solving  the  problem  of  the  degree  of 
contamination  laboratory  examination  should  be  made.  For  this 
purpose  the  personnel  of  the  control  unit  takes  samples  of  food 
px'oducts  which  are  contaminated  and  suspected  of  contamination* 
It  should  be  kept  in  mind  that  in  the  infection  of  the  same  food 
product  with  BO,  OV  or  BRV,  the  food  product  samples  are  taken 
first  for  examination  for  bacteriological  contamination,  pi^eparing 
the  necessary  sterile  glassware  for  this  purpose*  Then,  the 


samples  are  taken  for  deteTmination  of  the  presence  of  OV  or 

BRV  /war  gasses  ormilltary  radioactive  substance^. 

For  the  rapid-  deterznination  of  the  type  of  OV  used  samples 
for  analysis  are  taken  which  have  traces  of  the  weapons  used  on 
them  (drops,  dust;  et  cetera)  or  from  places  where  definite 
signs  of  contamination  are  found  (spots  made  by  drops).  When 
there  is  a  suspicion  of  contamination  of  food  products  which  are 
in  a  packing  container  or  in  a  protected  pack,  the  selection  of 
samples  is  made  in  the  following  way:  first,  samples  are  taken 
from  the  surface  of  the  pack  (packing  or  shelter)  and  then 
decontamination  of  the  surface  of  the  pack  (or  room)  is 
accomplished*  Only  after  this  are  samples  of  food  products 
taken*  If  there  are  no  signs  of  contamination  the  samples  of 
food  products  are  taken  from  no  less  than  four  or  five  areas 
of  the  suspected  site  of  contamination* 

The  samples  are  taken  with  cotton  tampons  on  a  stick  or 
wire  from  the  contaminated  surface  of  the  container* 

Samples  of  graln^  cereal  and  other  loose  products  are  taken  by 
means  of  an  iron  trowel  from  a  depth  of  one  to  two  centimeters 
and  in  a  quantity  of  100  to  200  grams  and  are  put  into  glass  jars 
The  samples  of  the  loose  products  which  are  in  a  sac  container 


are  taken  with  a  metal  sound  from  the  surface  layer 
(directly  under  the  sac),  and  products  which  are  kept  In  a  box 
are  taken  from  the  surface  in  contact  w'itb  the  contaminated 
wall  of  the  box.  Packed  products  are  taken  for  examination 
in  quantities  of  two  or  three  packs  from  the  outer  layer. 
Samples  of  animal  fat,  oleomargarine,  arc  taken  by  means  of 
cutting  the  surface  layer  in  a  thickness  of  0,  5  centimeter. 

Liquid  and  semiliquid  products  (vegetable  oil,  milk, 
beverages)  are  taken  by  means  of  a  sipbon  (glass  tubes)  from 
the  surface,  from  the  bottom,  and  after  careful  mixing.  For 
the  purpose  of  investigating  baked  bread  the  samples  are  taken 
as  entire  loaves.  Samples  of  meat  are  taken  by  means  of 
cutting  a  section  of  tbe  surface  layer  having  a  total  weight  of 
about  400-500  grams.  Samples  of  water  for  laboratory  analysis 
are  taken  in  quantities  of  no  less  than  0,  5  and  no  more  than 
three  liters,  of  necessity  at  a  place  from  which  it  is 
subsequently  proposed  to  take  water  for  drinking  purposes 
(or  for  external  use).  Water  is  taken  from  wells  with  clean 
glassware  following  a  careful  mixing  (water  which  has  first 
settled  in  the  pipes  is  drained  off  for  10  minutes). 

Taking  into  consideration  the  physicochemical  properties  of 
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organic  plioaplxorus  compounds  (no  odor  or  color,  high  degree  of 
tor^dcity  and  a  comparatively  rapid  hydrolysis),  -.vorkers  in  the 
control  unit  should  provide  for  taking  saii'mles  and  shipfjing  the 
samples  in  the  shortest  possible  time*  With  the  arrival  of  the  ; 
food  products  or  water  which  is  contaminated  or  suspected  of 
coiitaniination  the  analjuses  should  be  performed  in  short  order » 
Aft  err  taking  the  samples  the  instraments  are  degassed  with 
cotton  twri'pans  moistened  in  aikaline  solutions*  The  cotton  | 

tamx>oB.s  are  burned  or  are  poured  over  with  degassing 
solutions  for  three  to  four  hours^ 

Sariiples  taken  for  laboratory  examination  are  recorded  on  a 
special  blank  sheet  (for  examples  of  the  blank  sheet  data  see 
Table  1)* 

Then,  a  careful-  check,  is  made  on-  the  condition  of  stoppage  of 
jars  -and  teat  tubes*  The  samples  are  packed  in  a  special  box 
with  an  accompanying  blank  (an  example  of  the 

form,  of  the  blank  is  shown  in  Table  2)  and  are  sent  to  the 
laboratory  of  the  MS  MPVO  (installation,  inter- r-ayon  or  city)* 

When  there  are  stores  of  food  prodncts  or  water  under 
doB-:).estic  ccmditions  v/Mch  are  contaminated  or  suspected  of 
contHimiBation  with  OV,  th.e  samples  should  be  sent  to  the 


91 


r 


nearest  MS  MPVO  laboratory.  Before  obtaining  tbe  results  of 
tbe  analysis  the  food  products  and  water  should  not  be  used. 

If  from  the  laboratory  result  tbe  food  products  are 
considered  unsuitable  for  use  as  food  they  are  subjected  to 
degassing*  destroyed  or  utilized  (if  possible)  under  the 
supervision  of  the  appropriate  staffs  of  the  mercantile  and  food 
services  of  the  MPVO  by  tbe  personnel  of  the  installation  groups 
and  with  checking  by  staff  workers  and  appropriate  medical 
service  activated  units  of  the  MPVO, 

The  Sanitary  Examination  of  Water  and  Food  Products 
When  organic  phosphorus  compounds  enter  water*  its 
external  appearance  is  unchanged  as  a  rule.  This  is  associated 
with  the  physicochemical  properties  of  these  compounds  (a 
liquid  v/hich  mixes  well  with  water)..  While  they  possess  a  very 
slight  ethereal  odor  they  do  not  give  the  contaminated  water  any 
perceptible  odor.  Therefore,  the  organoleptic  examination  of 
the  water  under  such  conditions  does  not  give  anything  to  the 
sanitary- chemical  examination.  After  contamination  by  large 
quantities  of  these  substances  the  acidity  of  the  water  is 
changed,  and  the  concentration  of  the  hydrogen  ions  is  increased. 
No  other  changes  can  be  found.  The  duration  of  the  contaminatioi^ 
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of  water  by  organic  pbospbortts  compounds  is  determined  by  the 
I  periods. of  their  hydrolysis,  Howeverj  it  should  always  be 
I  kept  in  mind  that  the  end  of  hydrolysis  cannot  serve  as  a 
1  ertterlbtt  for  evaluating  the  suitability  of  water  for  drinking  and 

4 


I  prephria^  food,  because  as  a  result  of  hydrolysis  products  which  j 

!  are  toxic  for  the  body  remain  (flaorine,  HCN  and  others).  The  , 
1  1  ^  ’  1 
I  periods  of  hydrolysis  of  organic  phosphorus  compounds  are  | 

I  different  and  depend  on  their  concentration  in  the  water  and  the  } 

I  temperature  (depending  on  the  concentration,  the  duration  of  | 


hydrolyisis  can  vary  from  three  to  50  days)i 
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Information  About.  Samples  Tak^_ 
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\  KEl!  1)  Ho»  of  item;  2)  No.  of  test  tubs,  jar*  pack  with  | 

indication  of  the  nature  of  the  packing;  3)  Sits  of  j 

1  pies  taking  (hame  of  storehouse^  shopj^  no*  of  frame,  eto*;^ 

4)  date  of  taking  samples,  with  indication  of  hours  and  I 

minutes;  5)  name  of  product  from  which  sample  was  taken,  | 
6)  by  whom  sample  taken  and  signature;  7)  date  of  sending  | 
!  sample  to  lab  with  Indication  of  name_of„j^pratgXg.«..---. — 
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Table  2 


Accompanying  Blanli: 
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KEYj  1)  Year,  month,  day  and  time  of  suapected  contami¬ 
nation;  2)  Mo.,  day  and  time  of  taking  samples;  3)  Month, 
day  and  tiaie  sending  samples  to  laboratory;  4)  Noa  of 
test-tubes,  jars,  packs;  5)  name  of  products  from  which 
samples  were  taken;  6)  aim  of  examination;  7)  address  of 
insts.llatlon  where  samples  were  taken;  8)  time  of  delive¬ 
ring  samples  to  the  laboratory  and  last  name  of  person  de- 
liverlng  samples  ( filled  in  by  laboratory  worker. 

Therefore,  neither  organoleptic  examinatioiJior  chemical 
;  analysis  give  adequately  clear-cut  data  concerning  the  presence 
of  these  compounds  in  the  water.  Therefore,  the  detection  has 
to  he  made  by  means  of  special  tests.  When  even  insignificant 
j  quantities  of  these  substances  are  preserfc:  in  the  water  the 
water  should  be  degassed  and  purified  of  their  decomposition 


i 


products*  The  method  of  purification  of  water  contaminated 


with  organic  phosphorus  compounds  is  based  on  an  acceleration 
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of  their  hydrolysis  ia  aa  alkaline  medium.  For  this  purpose  I 
the  water  is  subjected  to  liming.  Here,  the  water  purification  | 
proceeds  more  quicldy  the  more  lime  ^  added.  The  optimum 
quantity  of  the  latter  is  determined  by  the  degree  of 
hydroxide  alkalinity,  which  should  not  be  any  less  than  0,8 
milligram  per  equivalent.  In  the  hydrolysis  of  organic 
phosphorus  compounds  toxic  decomposition  products  are  formed  ; 
which,  by  means  of  calcium  hydroxide,  produce  salts  which  are 
poorly  soluble  in  wnter,  which  are  precipitated  and  removed 
along  with  the  lime  sediment.  After  the  conclusion  of 
hydrolysis  biological  tests  should  be  performed,  .As  control  j 
tests  the  determination  of  the  activity  of  blood  cholinesterase 
and  the  pupillary  reaction  (miosis)  should  be  determined  after 
the  administration  of  a  drop  of  the  water  being  tested  into  the 
conjunctival  sac. 

In  the  contamination  by  organic  phosphorus  compounds 
consideration  should  be  given  to  the  depth  of  penetration  of  food 
products  In  addition  to  the  physicochemical  properties  of  these 
compounds  and  the  ‘methods  of  their  application.  When  OV  comes 
into  contact  with  an  oil  it  contaminates  Its  entire  layer,  but  the 
greatest  quantity  of  the  agent  settles  to  the  bottom.  The  external 
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appearance  of  the  food  products  contaminated  with  organic 
ph.o.sph.oru5  compounds  does  not  show  an’^dhitig  characteristic. 

Only  after  the  cent  am  illation  of  meat  by  droplets  of  these  agents  ; 
ate  grayish  patches  formed  on.  its  surface  which  do  not 
disappear  even  after  washing  and  cooking  the  meat* 

Detection  of  organic  phospboras  compounds  in  food  products 
maybe  accomplished  by  the  glass  etching  testj  t.he  alisjaim 
sr.irconiuTn  test,  and  othex*  methods,  Here^  it  should  be  kept  in  , 
mind  that  the  chemical  det ermiBation  usually  is  made  from  the  | 
deconipositioTi  products,  F’or  e2<amplc,  sarme  is  detenuined  by  , 
its  fluoride  ion,  which  is  normally  present  in  the  water  and  food 
products*  Therefore,  when  the  detection  is  performed  this  i 

circumstance  should  be  ttiken  into  consideration.  For  this 
purpose,  organic  solvents  are  used  v/hich^>i^tr act  only  fluorine 
contained  in  the  sarine^  The  determination  of  ta-bun  Is  also  ruadC  j 
aftex"  it  is  extracted  from  the  contaminated  food  product  or  | 

water  by  an  organic  solvent  and  with  respect  to  its  CM  ion. 

After  the  degassing  of  contaanlriated  food  products,  a 
biological  check  should  be  made  for  the  completeness  of 
degassing*  For  this  purpose,  the  degassed  products  are  fed  to  j 
experimental  animals,  and  an  observation  is  made  of  the  | 
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condition  and  behavior  of  the  latter^  and  the  cholinesterase 

H 

activity, is  determined*  An  extract  obtained  from  extraction  of 
the  food  products  by  the  solvent  after  degassing  should  be 
introduced  into  the  canjanctival  sac  of  the  animal  for  the  purpose 
of  determining  miosis  which  occurs  in  the  presence  of  even  the 
slightest  quantities  of  organic  phosphorus  compounds. 

Protection  of  Food  Products  and.  Water 
Organic  phosphorus  compounds  constitute  the  greatest 
danger,  because  they  possess  a  high  degree  of  toxicity  and  are 
difficultly  determinable  organoleptically.  The  latter  fact  is  of 

great  importance,  because  the  presence  of  the  toxin  may  remainj 

1 

unnoticed,  which  creates  the  danger  of  intoxication  not  only  after 
consumption  of  such  products  as  food  but  also  from,  contact  with 
them,  in  turn,  degassing  of  the  food  products  is  frequently 
associated  with  considerable  difficulties  and  sometimes  it  is 
entirely  Impossible,  Therefore,  the  principal  measure  for 
preserving  food  products  after  a  chemical  attack  is  a  protection 
of  them,  which  amounts  primarily  to  the  fact  that  the  possibility 
of  entrance  of  the  toxin  into  the  food  products  is  presented,  . 

The  food  products  and  prepared  food  are  best  kept  in  metal  and 
glaass  containers.  Wooden  containers  (boxes,  barrels,  vats) 
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which,  do  jaot  have  any  cracks  and  which  are  tightly  sealed  may 
be  used  successfully.  In  the  event  of  a  chemical  alarm  it  is 
recommended  that  this  type  of  container  be  covered  over  with 
canvas  or  with  sacs.  In  order  to  protect  wells  from 

’  i 

contamination  with  war  gases  they  should  be  covered  over  with 
a  tightly  fitted  wooden  cover,  A  v/ell  tamped  down  layer  of 

clay  1.  5  meters  in  width  and  20  centimeters  in  depth  is 

—  -  * 

arranged  in  the  soil  a:round  framework  wells. 

It  should  be  kept  in  mind  firinly  that  it  is  much  more 
difficult  to  degas  food  products  than  to  protect  them  against 
possible  contamination.  Therefore,  only  measures  taken  in  time 
for  the  antichemical  protection  of  food  products  and  water 
completely  provide  for  the  preservation  of  food  products  in  the 
case  of  a  chemical  attack. 
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j  AatioheaAcal  Pro-tectioii  s.gpAmi  IntoxlcatioH  by 

CoiaTjouHds 

Xndiv'iti'u&l  Frot active  Facili^i^s 
In  principle,  protection  against  organic  phosphorus 
ooaipomids  is  no  different  frow -protection  against  other  well- 
Iq'jo'sk  war  gase-s,  Oonsbined"*arffiB,  civilian  and  insuls-ting  gas 
masks  are  used  in. the  local  antiaircraft  defense  system. 

Both  the  oombined-arms  and  the  civilian  gas  masks  consist' 
of  a  gas  ffiS-sk  cannister  s.nd  a  face  portion.  There  is  a  gas 
mask  bag.  for  keeping  and  transportation.  The  cannister  serves 
for  the  purification  of  contaminated  air  by  means  of  filtration 
through  absorbers  (filter  mask),  and  the  facial'  portion  of  the 
mask  is  for  bringing  the  purified  air  to  the  respiratory  organs  and 
for  the  protection  of  the  eyes.  The  face  portion  of  the  gas  masi^. 
consists  o'f  facepiece  with  goggles,  a  valve  box  \<itb  inspiratory 
and  expiratory, valves  and  a  connecting  tuba.  Before  the 
advent  of  the  highly  toxic  substances  of  the  organic  phosphorus 
tyi>e  all  the  gas  masks  had  only  a  single  expiratory  valve  in  the 
valve  box.  Given  this,  the  possibility  of  intoxication  with 
highly  toxic  substances  was  not  excluded  because  of  the  possibility 
of  inleakage  during  inhalation  of  air.  For  this  reason,  two 
I  expiratory  valves  are  now  used  in  all  ge-s  masks.  Thus,  for 
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exoaple,  in  the  valve  box  of  the  faoo  portiovi  of  the  03.vilian 
gas  ias.sl:  there  is  an  upper  expiratory  valve  and  a  lov.’or  valvo, 

\-jhioh  is  protective  and  serves  for  reducing  inleakage  under  the  raask  ^ 
through  the  upper  expiratory  valvs.  The  space  betueep  the  upper  and 
lower  expirs-tory  v8.1ves  is  called  the  "physiological  chatriber". 

In  protection  against  organic  phosphorus  compounds  idle 
S6leotio.ii  of  the  proper  siae  face  portion  of  the  gas  KiB.sk  is  oid 
partioular  importance.  Kovmver,  no  matter  hov:  well  the  face  portion 
fits  on  the  hea.d,  an  obligatory  condition  is  chec’c.ng  of  the  quali(,y 
of  the  mask  in  gas  chambers  specially  equipped  for  these  ijurposos. 
TheroforOj  all  activs-ted  units  of  the  I'PVO  must  adhere  strictly 
to  this  rule  in  obtaining  gas  masks.  In  addition  to  filter  gas 
masks  insulating  gas  masks  are  used  i-ihicb  operate  on  the  principle 
of  coiiiplete  isolation  of  the  respiratory  organs  from  the  environmeni., 
vihei'clp’  '.'espii'a'fen  occurs  with  the  use  of  the  oxygen  in  the  mask. 

■  ^ld.n  Frotection  haciliti^^ 

i:alving  into  consideration  the  fo.ct  that  the  organic  phosphorus 
compounds  in  the  liquid  and  vapor  states  are  capable  of  penetrating 
through  the  akin,  protection  is  neadod  not  only  for  the  respiratory 
organa  but  also  for  the  entire  human  body,  For  this  purpose, 
protective  mantles,  overalls,  protective  aprons,  socks,  rubber 
boots  and  glovGS  are  used.  Here,  it  should  be  kept  in  mind  that 
complete  •orotection  is  achieved  only  by  means  of  overalls, ■which 
I  completely  insulate  a  person  from  the  intoxicated  atmosphere. 
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■waii^iwxauwuMhm' 

I  protecti-i?a  mantles  and  aproj 


■js  cannot  give  cosplst©  protection, 


I^'jbich  should  ba  kept  in  mind  in  v!or'ldn~  in  foci  of  involvsEient''  i 

s 

by  oyganio  pbosnhorus  cositjounda.  Therefore,  in  proteotinp:  the  Immn 

r  '  '  ■  '  "  . 

I  body  against  these  coiapounds  a  gx>©oial  part  is  playod  by  skdtt 
I  protection  facilities,  along  vjith  the  insulating  measures,  made 
I  of  filterinfi:  mater ial-«» fabrics  dipped  in  spe^oiaj.  compositions,  Among 
them  are  iK)p)r0gn@.ted,  unifcrKs,  ijnderueay  and  other  clothes,  Aside  j 

from  the  authorized,  allovianose  of  supplies  for  skin  protection,  | 

handy  Koa.surec  may  bs  used  made  sjjeoially  for  tlfis  pvjrpose  and 

I  •  ... 

•J  or-diima'y  clothing:,  raincoats,  mantlea,  overcoats  made  of  leather 

or  heavy  cloth,  as  uell  as  clothes  made  of  ordins.ry  fabric.  For 

protection  against  contaminatsd  areas,  particularly  in  evacuating  | 

1 

the  popu.lation  froH  a  cont,aainate'd  locality,  and  in  rendering  Esdic&l  j 

I  aid  to  tho  affliotad,  galoshes,  rubber  boots,  f’ootwear  covered  uitb  I 

1 

pa-par  and  other  agsrite  say  b©  used  depending  on  their  availability  !; 
and  the  local  conditions. 

Collective  Protective  Measures 

Shelters  which  are  set  up  and  outfitted  in  the  cellars  of  I 

I  houses,  industrial  atsd  pxiblio  buildings,  are  used  as  collective  j 

I  ■  ■  '  I 

I  protective  Ki6.asurss  for  the  population  against  viar  gases.  For  the  | 

I  pyjfpose  of  providing  protection  every  shelter  should  be  equipped 

;  "  "  I 

in  the  antiohemical  rsspoct.  Among  the  ian.in  elesejits  of  s-nticbamical  f 
equipj-iient  of  the  shelter  ar®  tho  follovdng:  tight  sealing,  the  use 
of  filtered  air-conditioning  and  oxygen-regsnerativo  apnaratuses  as 


101 


t'lell  as  air  looks.  Oxygen-rogencra-tivs  apparatuses  are  not  usod  in 

h 

all  shelters.  In  analyzing  the  protections  apainKt  organic  pbosphoras 
cQEpounds  in  grotroc  structures,  it  should  be  kept  in'rvind  that  in 
these  oases  bemetio  scaling  acquires  partic'ala,rly  great  itaportance. 

If  it  is  cs.yried  out  adequately,  then,  after  closure  of  all  doors  anci 
raanholes  and  after  starti,nf:  the  filtered  air-oonditioning  apparatuses 
an  excess  of'  air  pressure  is  created  in  tho  shelter  by  ooTniiarison 
uitb  the  out.eid6  ,  which  is  the  min  condition  for  the  protection  of 
persons  iii,  the  shelter  against  organic  phosphorus  compounds.  Another 
condition  is  the  careful  ched-dlng  of  the  operation  and  timely 
replacement  of  used  up  filter-absorbers,  which  provide  for  the 
purific-ation  of  the  air  supplied  to  tho  shelter.  In  addition,  when 
the  shelter  is  filled  with  people  tho  dooi's  of  the  air  locks  should 
be  opetied  in  turn;  first,  the  proteotive-soaling  door  is  opened,  and 
a  certain  mjmber'  of  persons  enter  the  air  lock;  then,  this  door  is 
closed,  and  the  sealing  door  is  opened  directly  into  the  shelter. 
Observance  of  these  rules  in  the  event  of  ths  presence  of  organic 
phosphorus  compoiunds  in  the  air  is  extrcsjsely  essential.  It  should 
also  be  kept  in  mind  that  when  the  shelters  are  filled,  people  should 
take  off  their  outer  clothes  before  entering  thetii,  particularly  in 
those  oo-sos  where  they  have  been  in  a  locality  severely  contaminated 
I  with  organic  phosphorus  compounds  for  various  reasons. 

Sanitary  'Processing 

For  the  piAtpose  of  removing  or  neutralizing  organic  phosphoruvC 
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ooupownAs  r^ardtary  of  tbe  population  v?hich  is  in  the 

Oh6v.-:i5,oal  focub  of  involvoLicnt  ir^  'Dorforincd^  tMs  Gonslists  of  a 


I  carcf^^^X  ^^aabin^;  of 


of  sldn  o>i  Vvhicb  the  toxin  has  fallen*  'vd.th 


j  .nator  and  soap  or  ether  alkaline  ecduutionoo  The  nator  practically 
doon  not  lesson  the  toxic  oifect  of  the  organic  phosphorus  compounds 


^  \ihiGh  hat'o  fallen  on  the  skin.  Soap  is  o?  a  certain  iriportance  lor 

■  reduoinr:  tho  toxic  effect  of  those  agents  (green  soap  or  lai>.ndr;y 

soap ),  hscaiAso  it  contains  alkali*  Under  the  influence  of  alk?>line 

*Bi  solutions  or  ointraents  the  pr.::j|rnic  phosphorus  compounds  are  brol:en 

doVv-n  an.d  do  not  constitute  a  threat  to  rvarr.  Such  pro  go  s  sing  Bo:y'  be 

:  carried  out  the  by  population  itself  by  of  aelf^-help  or  'nratvxal 

aid,  directly  on  leading  the  contaxciriated  rPocuo  imasr  domestic 

% 

;  conditions,  us  uoll  as  hy  the  personnel  of  the  sanitation  units 
'  (Sf),  sanitation  brigades  (SD),  detaobaents  for  seeldng  out  and 
manually  avfacua.ting  the  afflicted  (OKv?)^  medical  units,  self- 
i  protection  irnits,  modi  cal  gz'oups  or  detachments  at  installations* 


raiCLU/r  xmo  ooi 


consideration  t;:'e  hirh  deyroe  of  toxicity  of  organic 


:  phosphorus  compounds  the  time  factor,  vJhich  determines' the  success  of 
sanlta.ry  processing,  is  of  importan^ce*  The  earlier  the  incomplote 
sanitary  processing  is  carried  out  the  greater  its  e:rf'ect,  OoiGpletc 
sanitary  processing  .include?::  %^aehing  of  the  entix^e  body  under  a  ahoxo: 
,\nlth  soap;,  dega..ssing  of  clothes  ixi  degav9.sirir,:  chemibers  and  of  footnear 
by  means-  of  decontaminators,  uashing  o:"  the.  eyes  "with  alkaline 
fsodium  bicarbo-nata )  solutions  an<i  rinsing,  the  oral  cavity* 

r 


All  poyaoWK  affected,  slTOviiiig  signs  of  into:cication  or  oonbin 
injuries,  are  sent  for  sauitiU'y  pj-’ocessing  to  activatod  Ksdics;!  eisl'-Kio'! 
units  of  the  I:-i-VO  ■(docontairdnation  departments  of  the  OE',  recoiving- 
■  classification  departments  of  the  £?!.:,  senitar'y  processing  rooms  of 
hosnitAls)  cifior  inedicol  I'irGt  aid  has  been  giror.  by  the  sanitation' 

(oj*  In  the  course  of'  solf-hcip  or  trutual  aid).  /Jith  a  sriall 
rmAov  of  patients  it  i?,  most  expedient  to  organise  tho  canitary 
i  processing  of:  them  in  the  S?ih  \:heyc  fix'ot  aid  by  a  pnysician  can 
be  given  or  in  a  city  hocpital*  Tee  population  xihicn  is  to  bo  given 
sS-nitary  processing:  and  \ihioh  is  vjithout  nounds  or  in^“iuries>  that  is^ 
those  Viho  do  not  need  que.lificd  mcdica.1  aia  art  or  the  sanitai^/ 
processing.;  should  be  sent  to  the  hospital  decontamnation  stations 
(SO?)*^  'fhe  Isxttor  aro  organised  by  the  service  for  ssautary  processing 
I  of  persons  oud  doconbiiination  of  clothes  in  the  IIF/O  at  tho  bath-house 
and  in  the  sanitary  processing  rooms  (;rith  the  exception  of  the 
s8.nita,ry  processing  rooms  of  tho  therapeutic  institutions)*  In  tne 
hospital  dc?conta3driation  stations  a  complete  or  partial  sanitary 
processing*  m:o,y  bo  performed  for  the  paS. onts  and  iiedical  odd  can  be 
given  for  idrtcr.  injuries.  For  this  purpose,  the  eodical  service  of 
;  the  rayon  or  cit:/  i-PVO  sends  one  or  t»Jo  nurses  to  each  SO:'  uith 
the  aira  of  checking  oii  the  quality/  of  the  sanitary  processing  as 
as  for  rendering  Eedical  aid  for  miiwr  injuries,  liedical  porkers 
in  the  SO?  should,  be  well  acquainted  uith  the  locations  of  the  nearest  , 


laodioal  i'nstituticns  (OFM,  SPIi,  hospitals)  and  the  travel  routes  there. 
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In  Gonsideratlon  of  the  high  degrsc  of  toxicity  of  the  organic 
phosphoi'xjs  oospounds,  Hoas-ares  shotxld  bo  taken  so  that  the  sanitary 
processing  of  people  be  aoconrolished  in  the  shortest  possible  tiKo 
after  tho  contaraination ,  .This  is  assured  by  a  liigh  degree  of  prepar~ 
sdnees  of  ths  units  and  institutions  of  the  kRTO,  prijjiarily  of  the 
Medical  ssrv'icse,  and  the  sanitary  processing  services  for  people 
and  clothes  decontasiination  of  the  12YO  as  Kell  as  by  a  high  level 
of  training  of  the  population  and  personnel  of  th®  mass  units  (sani¬ 
tation  brigades,  ORVP).  During  the  sanitary  processing  of  people.. 
affected  by  organic  phosphrous  coiapounds  the  necessary  measures  should 
be  taken  for  tho  protection  of  personnel  uorki,n,g  in  the  SOP,  0DC»-0EI, 


'PSCi-6?Ii  atjd  sanitary’  processin.2  rooms  of  hospitali 


Therefore,  tho 


quality  of  the  exercisas  performed,  by  the  medical  personnel  as  Violl 
as  by  the  instrxictdrs  of  the  DOSAAF  ^11-Union  Yoluntary  Society  for 
the  Promotion  of  the  Air  Force  and  Kavy7  Si'id  Rod  cross  in 

training  tho  population  and  mass  unit  peraomiel  in  the  rules  of 
utilifjation  of  individual  protection  facilities  for  people  c^gdinst 
war  gases  and  for  rendering  urgent  aid  to  tboss  aifected  directly 
in  the  focus  of  involveraent .  In  the  performance  of  such  exercises 
attention  should  be  directed  to  training  the  entire  population  in  good 
practical  habits  for  using  both  the  authorized  and  bendy  measures  for 
protection,  rendering  self-help  and  mutus.l~aid  for  intoxications. 

'V  Degassing 


is  the  name  for  the  totality  of  operations  which  have 


:the  aini 

of  decontaru nation 
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installations 
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ny  tlie 

the  of  an  covorinf;'  for  cont^^niriatcd  as^ea:  by 

the  'physical  iictiiody  by  :r'an:oviViy  tno  (W  uitu  tiiC  aic  ot  r:olvei-’^:s  or 
fovaporo'tica:  by  tbo  phy::icccbcnical  nedhob,  iy  3ory'::.on  an'  hy-'roIviaU: 

}oy  'bhc  a/. 

I  Such  arc  uoec  as  docontaiirinator s  v^hicb  roo.ct  cnijoldy 

! 

|;ith  'the  rp:  /\jDr  ya|7  convert  it  into  hmdecs  connoundj?.  ^.vrnoai'*' 
|eiicd-all:cal.iao*  solution  (doyasciuy  solution  ho  h)^  vhich  ccntainc  tvo 
;)CTcout  sodiur  hydr  oroide,  five  percoirb  uonoothouelauinc  avd  20  per  cent  | 
ymorda^  io  of  special  iunoirtcr:tce  for  the  cl.ecorjtj:^iiiio.tion  of  teclun.oal 
9exd,];BCut5  transport  and  other  obTOcts-  centauimted  with  organic 
phosphorus  oorvoo'ja'jds.  lor  the  preparation  of  it  tx^onie.  nater  is  used 
uitli  a  concentration  of  ajiuronia  of  no  Ihss  than  2f  percentj  codivno 
1  hydrozido  and.  nonoetbonolfvd'nes  vshicb  oontains  no  less  then  60  percout 
jof  the  hanzo  sub stance* 

1  Those  ouhstancos  aro  ainonr  the  authorinod  deyanoinp:  aronts 

Xvith  uhicb  'the  units  and  activated  units  of  the  IfPVO-  are  ey-aj.ppcd„ 

.fsido  fro'^ii  the  outhoriaod  deyaseiny  ayenta,  tho  so-called  local 
deyaosinr:  i^aterial  my  be  oxtonsively  used;  this  includes  the  foilcuiry: 
olayy  linOj.  line  sodiuent,  doyaesinn  lirae  r^s.torial,  as  veil  as  uaetes  j 
::i.nd  senifinished  industrial  products,  etc.  Thus,  for  exo^aplc,  slaked 
and  'la-slaked  ashes,  caustic,  carbonate  end  Sixlfite  allcnlis,  etc. 
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my  bo  txsod. 

UjDdei'  the  local  F/O  various  sx^b^taneoa  and 

technical  racilities  my  be  ixsed  foT  the  degassing  of  str'cets, 
sidet-mlks,  buildings^  traaeport,  smll  metal  artiolea,  sldn  proteotioE 
facilities,  clothes,  etc,,  depesding;  on  the  material  of  the  object  and 
the  OY  used  bj'  the  enemy.  For  the  ptirpose  of  spreading  loose 
degassing  mterial  over  a  locality  the  locality  degassing  instrunent 
(f’jjkj,  ,.tne  portable  soj-ring  degassing  instrtassnt  (Sv0F'),  tho  co'aiiifui'iity 
sandblasting  nic.chines  and  machines  for  spreading  fertilizer.  Self- 
protectiOE!  groups  have  sievo-carrlars  on  stipwly  for  this  pui'poss.  By 
means  or  these  technical  facilities  the  degassing  of  a  locality 
oontarainated  yith  organic  phosphorus  compounds  ma7/  be  accomplished 
oy  mesins  ox  slanted  and  unslaked  lime,  ash  wastes  and  other  agents. 

For  the  purpose'  of  dScY’-ssing  surfaces  eontsiainatod  with 
organic  phosphorus  compounds  by  means  of  a  suspension  of  chemically 
active  agents  (sl8.ked  line)  or  by  arsnonia  soliations,  aotorised 
pouring  stations  (ARS),  irrigating  machines  (PM-6  and  H^8)  and  others' 
are  used,  ror  the  purpose  of  degassing  vertico,!  surfaces  adapted 
irrigating  maebinss,  cesspool  pumps,  the  ’’Pioner”,  portable  degassing 
instrvmients  "Rup”,  as  well  as  certain  construction  Ejachines  and 
anstrmsnts  xj.sed  in  plastering  and  painting  bvdldings,  and  agricultural 
sprayers  may  bo  used.  '  ' 

In  the  organization  of  tho  operations. of  the  activated  medical 
lunits  in  mass  attack  foci,  the  problems  of  technica.!  equipment, 
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trana’f^ortationy  various  iuctruinents  and  cloinos  acouire  cnecial 


iuoor  t-snao . 

the  nirooso  of 

dogoGGinp 

'■-j  Ij  3^  J.  C  C  .j.  i,«  ^  ■! 

tnnr]S''/ortatio;) 

special  sir 
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I'Gtrxxn^vrbs  ond  oihor 

1 

objocif:  i' 

tO  folloninp 

■  no  t  hod  0  exo  \xood. 

vith  l)ri.i::l-ao  ;:ioi^:tonoc] '  in  solutions  of  donaasin-  aj^ents, 
proGcaainr  niih  aoueous  'na.stos  and  suspensions  of  uc;pissinp  a.^;cnis, 

1  B-pvos^iin^  uith  ooiuiionc  of  dcr-aa^^nf  a^:cni:n  vashin:,  solvents, 

steain  and  hot  \:ator» 

Degas of  transport,  laotai  iteus*  inetria'ients  and  other 
objects  is  carrS.c-d  oi.it  in  the  rollon irj;-:  order;  i:r  tne  o..  uar 

■5. 

^SXS  bnis  TiOi  been  istcrained  the  contariimted  articles  oj-g  treated 
viitb  do;::f;.snirjg  solution  I'o  1  (i'ive  to  porcont  DT-6  solution  in 

dicbloroothanc,  or  10  pcrcont  DT"2  colixtion  in  d‘j.chloroGti5ai'iG^;  xlion 
'.-iith  clepasciiTj,"  solution  l:o  2  (see  above);  ii‘  tno  typo  of'  (;>.■  nae  been 
dctc'isjirioo,  solution.  ITo  1  is  uocj  for  clsgasDing  c*ab stances  of  the 
i^iustard  ovi'i  to  typOj  ano  solu.nion  eo  .loi  oc.^^asoxiif- 

oryfnic  ohos'diorv's  coTu''‘Oui')ds,  I'or  tbe  purpose  ox'  tiio  latter  sol’t.t5.0;5: 
of  .soditu;'.  sulfite,  aqueoias  al'o'ili  solutiorirx,  al’ailino  cm.ilsions  as 
\;ell  as  industi'io.1  uastss  contaiTdix.p  alisdis  are  used. 

Clothes,  fcotueav  said  antichenical  tn’otection  facilities 
coirUcninated  v:-itlj  ©’.''roiiic  'phosphorus  conpotmds  aro  deg0.sso<l  uxth  a 
stoo.a-exiVi'Oiiia.  mxct'aro,  etcaa-air-o.-js-ionia  sixt-urc,  bp  boiling, 
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siico93siTO' troateent  viith  hot  air  aad  atesa' (coEhine'd ''raathod)  as 
■  viell  as.\^ith  hot  ai?. 

In  the  KFiTO  systoa  degassing  of  clotrioe  is  accompiishsd  in  ■ 
specially  outfitted  structwes,  called  clothes  d-egassing  stations 
(SBO),  The  tochnical  facilities  for  degassing  clothes  viith  st.eani*’ 
aunonia  idKtui’es,  stoen-'air-atmoiria,  hot  air  and  steaia  are  the 
all«"pur350so  ebarabers  (UK~p5)  ‘is-  vjell  as  adapted  charfseys  of  the 
Ii©viiison“Ohernos-hchekov,  Pogorsbol ‘sidy,  Itrupin,.  Pubnsr  types  and 
the  Grvjr-^G-rshiriaylo  luEbor-drying  cbaK:;bers,  Degassing  by  boiling 
in  accoKplished  in  special  buc’dng  apparatuses  (BU-4)  as  v.-ell  as"' 
in  handy  f’acilit.ies  (cajis,  vats,  otc,). 

The  essence  of  degassing  v:ith  stoaia-aiHEonia  nistux’e  is 
that  the  steam,  heated  to  a  teapfjrature  of  98-1 00°0  and  passing 
into  the  mixture  with  asaonia  through  the  contariiirsiatod  clothes, 
hji'drolyses  the  07  and  converts  them  into  non-toxic  substances.  By 
this  method  it  is  possible  to  degas  cotton,  linen,  xi’oolen,  cloth 
and  silk  fabrics  as  violl  as  articles  made  of  rxibbsr  corjteminated 
uith  all  the  well  ’-rnown  CA~ ,  inclxiding  the  organic  phosphorus  gases. 
Dcgancing  by  the  stca-u-air-aj'jsonia  rdxture  consists  of  the  treatsent 
of  tbs  contaainated  clothes  with  hot  sir  containing  a  relative 
nurddity  of'  100  percent  and  with  a  certain  quantity  of  araaonia.  By 
toas  Ectliod  ail  clothing  cs.n  be  decontardnatod  with  the  exception  of 
articles  to  which  drying  oil  has  been  applied.  Degassing  by  boiling 
is  based  on  hydrolysis  reactions  of  the  0?  ih  water  or  aqueous 
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solutions  of  podima  bicarbonate  and  arauonia  and  is  vised  for  degassina 
all  idnds  of  cotton  and  rubber  jvrticlos*  b'oolon^  cloihj  leather,  . 
and  cotton  and  felt  articles  cannot  bo  degassed  by  boiling,  Degassinj-i 
vdth  liot  air  is  based  on  the  evaporation  of  persistont  07  fToru  the 
contoninatocl  objects.  In  viovi  of  the  duration  of  the  nroceso  this 
method  IS  used  only  i.n  those  car::es  vhoxo  tl'icre  is  no  possibility  of 


oaza-ylnf  out  il:io  decontar:ina.tion  by  other  rcothods. 


Detection 

This  is  the  tern  for  the  quail tntlvo  or  quantitative 
■  dotcrr:iino,tior4  of  OT  on  coni ludna tod  objects,  Detoction  may  be 
accompli sh.ed  directly  in  the  locality,  by  the  so-called  'tficld 
detection  facilities'^  or  in  ypVC  labor  at  orlGs  uhicn  have  boon  spoefa 
V.  or yani!;:^^  for  tine  purpose.  Vox  the  oV  cotormininv  v:ar  yaso 

directly  in  a  locality  (in  the  air  or  on  various:  objocts)  chemical 
reconnaissance  instru'cents  arc  used  (PKiR,  IjAl),  in  vihich  there  are 
special  detection  tubes.  ?]igso  instru-rontc.  c.i’o  bssed  on  the  ^^tili5:;a 
ticn  of  tiic  chenvioal  roactiorjo  of  the  C?/  uithi  oortadn  substances 
(indioo-tors).  Efi,ch  indicator  tube  isi  the  instru^rent  has  cex'tain 
identification  raarldn^s  uhich  indicate  vihich  type  of  Ci'f  can  be 
determined  by  rvoans  of  it.  On  aspiratiny  contaixinatcd  air  throuyn 
it, the  tube  filler  chaneVes  its  ori|;:inal  color.  Thus,  for  orraaple, 
with  the  a.spii'atior<  of  air  contaninated  viith  tabun  or  viith  hydrof'en 
cyanide  through  the  indicator  tube  itss  filler  is  colored  pink.  In 
the  local  I-IFIO  system  the  roconnaisss-nce  groups,  vihich  are  organised 
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